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AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  
 

Part 5:  Protection  against electrical  hazards  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ i zation  for s tandard ization  compris i ng  
a l l  n ational  e l ectrotechn ica l  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote 
i n ternati ona l  co-operation  on  a l l  questi ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard i zation  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Comm ittees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nati ona l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t  of I EC 
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  possib le  i n  thei r national  and  reg i onal  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I ndependent  certi fi cati on  bod ies  provide  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  National  Commi ttees  for any personal  i n j u ry,  property  d amage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC  Publ i cation  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  pub l i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t  ri gh ts.  I EC shal l  not  be  hel d  responsib l e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose  the  publ ication  of a  techn ica l  
speci fication  when  

•  the  requ ired  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  is  the  
fu ture  bu t  no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subj ect to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC 62257-5,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
committee  82 :  Solar photovol ta ic  energy systems.  
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Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i tion  i ssued  in  2005.  I t  consti tu tes  a  
techn ical  revis ion .  

The  main  techn ical  changes  wi th  regard  to  the  previous  ed i ti on  are  as  fol l ows:  

– redefine  the  maximum  AC vol tage  from  500  V to  1  000  V,  the  maximum  DC vol tage  from  
750  V to  1  500  V;  

– removal  of the  l im i tation  of 1 00  kVA system  si ze.  Hence the  removal  of the  word  “smal l ”  i n  
the  ti t l e  and  re lated  references  i n  th is  techn ica l  speci fication .  

Th is  techn ica l  speci fication  is  to  be  used  i n  con junction  wi th  the  I EC 62257  series  (speci fical l y 
IEC TS  62257-1  to  I EC  TS  62257-6).  

The  text of th is  techn ica l  speci fication  i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/950/DTS  82/1 001 A/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  speci fication  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  62257  series,  publ ished  under the  general  ti tl e  Recommendations 
for renewable  energy and hybrid systems for rural electrification ,  can  be  found  on  the  I EC 
websi te.  

Fu ture  standards  i n  th is  series  wi l l  carry the  new general  ti tl e  as  ci ted  above.  Ti tl es  of existi ng  
standards  i n  th is  series  wi l l  be  updated  at  the  time of the  next ed i ti on .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•   transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore  print th is  document using  a  
colour printer.  
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INTRODUCTION  

The IEC 62257  series  i n tends  to  provide  to  d i fferen t p layers  i nvolved  i n  rural  e l ectri fication  
proj ects  (such  as  project implementers,  proj ect con tractors,  proj ect supervisors ,  i nsta l lers,  
etc. )  documents  for the  setting  up  of renewable  energy and  hybrid   systems  wi th  AC vol tage  
below 1  000  V and  DC vol tage  below 1  500  V.  

These  documents  are  recommendations:  

•  to  choose  the  ri gh t system  for the  ri ght  p l ace;  

•  to  design  the  system ;  

•  to  operate  and  maintain  the  system .  

These  documents  are  focused  on l y on  rural  e lectri fication ,  concentrating  on ,  bu t not speci fic  
to  developing  countries.  They shou ld  not be  considered  as  a l l  i nclus ive  to  rural  e l ectri fication .  
The  documents  try to  promote  the  use  of renewable  energ ies  in  rural  e l ectri fication ;  they do  
not deal  wi th  clean  mechan isms developments  at th is  t ime (CO2  em iss ion ,  carbon  cred i t,  e tc. ) .  
Further developments  in  th is  fi el d  cou ld  be  i n troduced  in  fu ture  steps.  

Th is  consisten t set of documents  is  best  cons idered  as  a  whole  wi th  d i fferent  parts  
correspond ing  to  i tems for safety,  susta inabi l i ty of systems  a im ing  at the  l owest  l i fe  cycle  cost 
as  poss ib le.  One  of the  main  obj ectives  i s  to  provide  the  m in imum  sufficien t  requ i rements,  
re levant to  the  fi e ld  of appl ication ,  that  i s :  renewable  energy and  hybrid  off-grid  systems.  
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RECOMMENDATIONS FOR RENEWABLE ENERGY  
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  

 
Part 5:  Protection  against electrical  hazards  

 
 
 

1  Scope 

This  part  of I EC 62257  speci fies  the  general  requ i rements  for the  protection  of persons  and  
equ ipment against  e lectrical  hazards  to  be  appl ied  in  decentral ised  rura l  e lectri fication  
systems.  Requ i rements  deal ing  wi th  protection  against  e lectric  shock are  based  on  basic 
ru les  from  I EC  61 1 40  and  I EC  60364.  

Decentral i zed  Rural  E lectri fication  Systems  (DRES)  are  des igned  to  supply e lectric power for 
s i tes  wh ich  are  not connected  to  a  l arge  in terconnected  system,  or a  national  gri d ,  i n  order to  
meet bas ic  needs.  

The  majori ty of these  s i tes  are:  

•  i solated  dwel l i ngs,  

•  vi l l age  houses,  

•  communi ty services  (publ ic l i gh ting ,  pumping ,  heal th  centers,  p laces  of worsh ip  or cu l tu ral  
acti vi ties,  adm in istrative  bu i l d ings,  etc. ) ,  

•  economic acti vi ties  (workshops,  m icro- industry,  etc. ) .  

The  DRE  systems  fal l  i n to  three  categories :  

•  process  e lectri fication  systems (for example  for pumping) ,  

•  i nd ividual  e l ectri fication  systems ( I ES)  for s ing le  u sers,  

•  co l l ecti ve  e lectri fication  systems (CES)  for mu l tip le  users.  

Process  or i nd ividual  e lectri fication  systems  exclusivel y cons ist of two  subsystems:  

•  an  electric  energy generation  subsystem,  

•  the  user's  e lectrical  i nsta l l ation .  

Col lective  e lectri fication  systems,  however,  consist of three  subsystems:  

•  an  electric  energy generation  subsystem,   

•  a  d istribu tion  subsystem ,  a lso  ca l led  m icrogrid ,  

•  user’s  e lectrica l  i nsta l lations  includ ing  in terface  equ ipment between  the  instal lations  and  
the  m icrogrid .  

The  general  requ irements  speci fi ed  i n  th is  part of I EC  62257  shou ld  be  appl ied  to  a l l  the  
i denti fied  categories  of DRES.  Appl ication  to  each  subsystem  of a  DRES  is  deal t  wi th in  a  
speci fic subpart  of I EC  TS  62257-9.   

2  Normative references  

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  ind ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies .  For 
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undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

IEC 60364-4-41 ,  Low-voltage electrical installations – Part 4-41:  Protection for safety – 
Protection against electric shock  

I EC 60364-4-43,  Low-voltage electrical installations – Part 4-43:  Protection for safety – 
Protection against overcurrent  

I EC  60364-4-44:2007,  Low-voltage electrical installations – Part 4-44: Protection for safety – 
Protection against voltage disturbances and electromagnetic disturbances   
I EC  60364-4-44:2007/AMD1 :201 5  

IEC 60364-5-52 :2009,  Low-voltage electrical installations – Part 5-52:  Selection and erection 
of electrical equipment – Wiring systems  

I EC  60364-5-53:2001 ,  Electrical installations of buildings – Part 5-53: Selection and erection 
of electrical equipment – Isolation,  switching and control   
I EC  60364-5-53:2001 /AMD1 :2002  
IEC 60364-5-53:2001 /AMD2:201 5  

IEC 60364-5-54,  Low-voltage electrical installations – Part 5-54: Selection and erection of 
electrical equipment – Earthing arrangements and protective conductors  

I EC 60364-7-71 2,  Electrical installations of buildings – Part 7-712: Requirements for special 
installations or locations – Solar photovoltaic (PV)  power supply systems  

I EC  62305-2: 201 0,  Protection against lightning – Part 2:  Risk management 

IEC 62305-3: 201 0,  Protection against lightning – Part 3: Physical damage to structures and 
life hazard  

I EC  61 1 40: 201 5,  Protection against electric shock – Common aspects for installation and 
equipment  

I EC TS  62257-1 ,  Recommendations for renewable  energy and hybrid systems for rural 
electrification – Part 1 : General introduction to IEC 62257 series and rural electrification  

IEC TS  62257-2,  Recommendations for renewable energy and hybrid systems for rural 
electrification – Part 2: From requirements to a  range of electrification systems 

IEC TS  62257-3:  Recommendations for renewable energy and hybrid systems for rural 
electrification – Part 3: Project development and management 

I EC TS  62257-4 ,  Recommendations for renewable  energy and hybrid systems for rural 
electrification – Part 4:  System selection and design  

IEC TS  62257-6,  Recommendations for renewable energy and hybrid systems for rural 
electrification – Part 6:  Acceptance,  operation,  maintenance and replacement   

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms and  defin i ti ons  apply.  
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3.1   
decentral ized  rural  electri fication  system  
DRES  

any e lectrical  power system  that i s  s tand  a lone  and  not connected  to  the  gri d  

3.2   
Renewable  Energy 
RE  

energy from  a  source  that i s  not  depleted  when  used  

3 . 3   
min i -grid   

subsystem  of a  DRES  i n tended  for power d istribu tion  

3.4  
min i -powerplan t  
energy source   of a  DRES  

3.5   
Surge Protection  Device  
SPD  
device  in tended  to  l im i t  transient overvol tages  and  d i vert  surge  currents;  contains  at  l east one  
non- l i near componen t.  An  appl i ance/device  des igned  to  protect e lectrica l  devices  from  vol tage  
spikes.  

3.6   
protection  against  electric  shock 

provis ion  of measures  reducing  the  risk of e l ectric  shock  

3.7   
basic protection  
protection  against e lectri c shock under normal  cond i tions  

3.8   
fau l t  protection  

protection  against e lectri c shock under s ing le-fau l t  cond i tions  

3.9   
hazardous-l ive-part  
l i ve  part wh ich ,  under certa in  cond i ti ons,  can  g ive  a  harmfu l  e lectric shock  

3.1 0   
l igh tn ing  protection  system  
LPS  

complete  system  used  to  reduce  physical  damage  due  to  l i gh tn ing  fl ashes  to  a  s tructure   

3.1 1   
external  l ightn ing  protection  system  
part of the  LPS  cons isti ng  of an  a i r-term ination  system ,  a  down-conductor system  and  an  
earth-term ination  system  

3.1 2   
earth ing  arrangement 
grounding  arrangement,  US  
al l  the  e lectric  connections  and  devices  i nvolved  i n  the  earth ing  of a  system ,  an  i nstal lation  
and  equ ipment 
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3. 1 3   
equ ipotential  bond ing  system  
EBS  

i n terconnection  of conductive  parts  provid ing  equ ipoten tia l  bond ing  between  those  parts  

Note  1  to  en try:  I f an  equ ipotential  bond ing  system  i s  earthed ,  i t  forms  part  of an  earth in g  arrangement.  

4 Classification  of decentral ised  rural  electri fication  systems  

DRESs are  class i fied  in to  s ix  d i fferen t types.  See  Table  1 .  

Table  1  – Typology of decentral ized  electri fication  systems  

Type  of generator Classi fication  of associated  systems  

Ind ividual  Col lective  

REN  on ly,  hybri d  or not  no  storage  T
1
. I  T

1
. C  

REN  on ly,  h ybri d  or not  s torage  T
2
. I  T

2
. C  

REN ,  hybrid  or not  
p l us  Genset 

no  storage  T
3
. I  T

3
. C  

REN ,  hybrid  or not  
p l us  Genset 

storage  T
4
. I  T

4
. C  

Genset on ly  no  storage  T
5
. I  T

5
. C  

Genset on ly  storage  T
6
. I  T

6
. C  

Notati on  pri nci ple:  Ti . I  =  i n d i vi d ual  system ,  type  i ;  Tj .C  =  col l ecti ve  system ,  type  j .  

S torage:  s torage  of energy produced  by one  of the  generator of the  system  and  wh ich  can  be  reconverted .  

 

Arch i tecture  and  characteristics  of the  d i fferent  e lectri fication  system  types  are  developed  i n  
Clause  6  of I EC TS  62257-2 : 201 5.  

5 Protection  against electric shock 

5.1  General  

Basic ru les  for protection  against  e lectric shock are  g iven  i n  I EC  61 1 40  and  I EC 60364-4-41 .  
I n formation  is  a lso  avai l ab le  i n  Annex A.  

5.2  Requi rements  on  the  d .c.  s ide  of a  DRES   

The pri nciples  for the  design  and  erection  of a  d . c.  e l ectrical  ci rcu i t  are  s im i lar to  those  for an  
a. c.  ci rcu i t.  The  main  d i fferences  concern  short-ci rcu i t  curren t calcu lation  and  the  selection  of 
the  protecti ve  devices.  

Protection  by extra- low vol tage  (SELV and  PELV systems)  or protection  by double  or 
re inforced  i nsu lation  shou ld  preferabl y be  adopted  on  the  d . c.  s i de  of  DRES.   

S imple  separation ,  at l east,  shou ld  be  provided  between  the  a. c.  s i de  and  the  d . c.  s i de  un less  
the  i nverter i s  not able,  by construction ,  to  feed  d . c.  fau l t  current in to  the  a . c.  i nsta l l ation .  

Earth ing  of one  of the  l i ve  conductors  of the  d . c.  s i de  is  perm i tted ,  i f there  i s  at  l east s imple  
separation  between  the  d . c.  s i de  and  the  a. c.  s i de.  
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5.3  Requirements  on  the  a.c.  s ide  of a  DRES   

5.3. 1  General  

Protection  by use  of au tomatic  d isconnection  of suppl y shou ld  preferabl y be  adopted  on  the  
a. c.  s i de  of a  DRES.  For each  ci rcu i t,  maximum  d isconnecting  times  g i ven  i n  I EC 60364-4-41  
shou ld  appl y.  

TN-S  or TN-C-S  system  shou ld  preferabl y be  used  for decentral i zed  rural  e lectri fication  
system ,  TT system  is  acceptable.  I T  system  is  normal l y not  used  for DRES  and  has  hence  not  
been  deal t wi th  i n  th is  speci fication .  

A res idual  cu rren t protecti ve  device,  wi th  a  rated  residual  operating  curren t not exceed ing  
30  mA,  shou ld  be  provided  as  add i tional  protection  for each  i nstal lation .  

5.3.2  TT system  

Basic  protection  i s  provided  by bas ic i nsu lation  of l i ve  parts  or by barriers  or enclosures.  Fau l t 
protection  i s  provided  by res idual  curren t devices  regard ing  the  res istance  va lue  of the  earth  
e lectrode  to  wh ich  the  PE  conductor i s  connected .  The  fau l t  curren t  shou ld  be  h igh  enough  to  
acti vate  the  d i fferen tia l  curren t device.  The  rated  operati ng  res idual  curren t I

∆n  of the  device  

shou ld  fu l fi l  the  formu la:  

Formu la:  Rated  operating  res idual  curren t  

V50with≤
L

A

L

Δn
=U

R

U
I

 

where  UL  i s  the  conventional  maximum  vol tage  and  RA  i s  the  earth ing  res istance.  

Th is  formu la  resu l ts  i n  the  values  shown  i n  Table  2 .  

Table  2  – Rated  operating  residual  current  of the  protective  device   
depend ing  on  the  value  of the  earth ing  resistance  

R
A
  

Ω  

I
∆n
  

A 

R
A
 ≤  50  1  

50  <  R
A
 ≤  1 00  0 , 5  

1 00  <  R
A
 ≤  1 67  0 , 3  

1 67  <  R
A
 ≤  300  0 , 1  

300  <  R
A
 ≤  500  0 , 03  

 

5.3.3  TN  system  

Basic  protection  i s  provided  by bas ic  insu lation  of l i ve  parts  or by barriers  or enclosures.  Fau l t  
protection  is  provided  by devices  protecti ng  against over-currents .   

Add i tional  in formation  i s  g i ven  i n  Annexes  A and  B.  
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6 Protection  against overcurrent  

6.1  General  

Protective  devices  shou ld  be  provided  to  break any over-curren t fl owing  in  the  ci rcu i t  
conductors  before  such  a  curren t cou ld  cause  a  danger due  to  thermal  and  mechan ical  effects  
or a  temperature  rise  detrimen tal  to  i nsu lation ,  j o i n ts ,  term ination  (see  I EC  60364-4-43) .  

6.2  Protection  against  overload  currents  

The operating  characteri stics  of a  device  protecti ng  a  cable  against  overload  cu rrent shou ld  
satisfy the  two  fol lowing  cond i ti ons:  

 IB  ≤  In  ≤  Iz  

 I2  ≤  1 , 45  ×  Iz  

where  

IB   i s  the  deign  cu rrent of  the  ci rcu i t;  

Iz   i s  the  con tinuous  current-carrying  capaci ty of the  cable;  

In   i s  the  rated  cu rrent  of the  protecti ve  device;  

I2  i s  the  curren t ensuring  effecti ve  operation  i n  the  conventional  time  of the  protective 
device.  

6.3  Protection  against  short-ci rcu i ts  

For cables  and  isolated  conductors,  each  short-ci rcu i t  protecti ve  device  shou ld  meet both  of 
the  fol l owing  cond i ti ons:  

•  The  breaking  capaci ty shou ld  not be  l ess  than  the  prospective  short-ci rcu i t curren t at  the  
p lace  of i ts  i nsta l lation ,  except where  another protective  device  having  the  necessary 
breaking  capaci ty and  coord inated  characteristics  is  i nsta l led  upstream .  

•  Al l  curren t caused  by a  short-ci rcu i t  occurring  at any poin t  of the  ci rcu i t  shou ld  be  
i n terrupted  in  a  time not exceed ing  that wh ich  bri ngs  the  conductors  to  the  adm issib le  l im i t  
temperature.  For short-ci rcu i ts  of duration  up  to  5  s ,  the  time  t,  i n  wh ich  a  g i ven  short-

ci rcu i t  current wi l l  ra ise  the  conductors  from  the  h ighest adm iss ib le  temperature  i n  normal  
du ty to  the  l im i t  temperature  can ,  as  an  approximation ,  be  calcu lated  from  the  formu la :  

ISkt ×=
 

where  

t   i s  the  duration  i n  s ;  

S  i s  the  cross-sectional  area,  in  square  m i l l imetres;  

I  i s  the  effecti ve  short-ci rcu i t  current,  i n  amperes,  expressed  as  r.m .s.  va lue ;  

k  i s  a  factor taking  account of the  res isti vi ty,  temperature  coefficien t and  heat capaci ty of 
the  conductor materia l ,  and  the  appropriate  in i tia l  and  fi nal  temperatures.  

7 Protection  against risk of fi re  

Where there  is  a  risk of personal  i n j ury or property damage due  to  fi re  caused  by an  earth  
fau l t  i n  the  system,  a  residual  current  protecti ve  device  shou ld  be  provided  at  l east at  the  

orig in  of  the  user’s  i nsta l lation .  I ts  rated  operati ng  res idual  current shou ld  be  ≤300  mA.  Such  
a  device  shou ld  swi tch  a l l  l i ve  conductors .  
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8 Protection  against effects  of l ightning  

8. 1  Principle  

I n formation  about the  effects  of l i gh tn ing  on  e lectrical  suppl y systems  is  g iven  in  Annex D.  

Decis ion  for l i gh tn ing  protecti ve  provis ion  ( l igh tn ing  rod ,  surge  protective  devices,  etc. )  shou ld  
be  based  on  risk assessment,  taking  account  of the  l i gh tn ing  frequency statis tics,  the  
characteristics  and  posi ti on  of the  structures,  the  l eng th  of the  overhead  l i nes,  i f any,  the  cost 
and  the  requested  avai l ab i l i ty of the  equ ipment.  

8.2  Examples  

Examples  of ri sk assessment methods  appropriate  for l i gh tn ing  protection  can  be  found  i n  
IEC 60364-4-44:2007,  C lause  443  and  I EC 62305-2 : 201 0,  Provis ions  for l igh tn ing  protection  
of DRES.  

8 . 3  Protection  against  overvol tage  

Where  protection  against overvol tage  (for example  due  to  i nd i rect l i gh tn ing)  i s  requ i red ,  an  
SPD(s)  shou ld  be  i nstal led  both  at the  d istribu tion  board  of the  m icro-power p lant,  and  at the  
orig in  of the  user's  i nsta l lations  or associated  wi th  each  socket-outlet.  

I nsta l l ation  of SPD  shou ld  comply wi th  I EC 60364-5-53:2001 ,  C lause  534.  

To  m in im ize  vol tages  i nduced  by l i ghtn ing ,  the  area  of a l l  wi ri ng  loops  shou ld  be  as  smal l  as  
poss ib le.  

8.4  Protection  against  d i rect l ightn ing  

Where protection  against  d i rect  l i gh tn ing  is  requ ired ,  the  fol l owing  provis ions  appl y:  

•  I n  case  of wind  powered  generation ,  the  l i ghtn ing  rod  shou ld  be  insta l led  at the  summit of 
the  mast.  

•  Where  PV generation  coexists  wi th  wind-powered  generation ,  protection  against d i rect 
l i gh tn ing  i s  general l y ach ieved  by p lacing  the  panels  i ns ide  the  p ick-up  zone  of the  wind-
powered  generator mast.  

•  Where  PV generation  is  a lone,  the  panels  can  be  protected  by i nstal l i ng  a  protecti ve  wi re  
above the  PV panel  or l i gh tn ing  rod/s  wi th  an  appropriate  p ick-up  area.  

•  Protection  shou ld  be  completed  by the  i nsta l l ation  of SPDs  between  conductors  and  
between  conductors  and  earth ,  wi th  appropriate  characteristics  (see  I EC  60364-5-53: 2001 ,  
Clause  534) .  

9  Determination  of the  pick up area of a  rod  or wire  (see IEC 62305-3: 201 0)  

9. 1  General  

Al l  equ ipment shou ld  be  se lected  accord ing  to  the  ru les  of I EC 60364-5-53.  

9.2  Operational  conditions  and  external  influences  

Every i tem  of equ ipment shou ld  be  selected  and  erected  i n  compl iance  wi th  the  appropriate  
standards.   

Equ ipment shou ld  be  su i table  for the  nom inal  vol tage  (r.m .s.  va lue  for a. c. )  of the  ci rcu i t  
concerned  and  for the  overvol tages  wh ich  cou ld  occur.  
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Equ ipment shou ld  be  selected  for the  des ign  cu rrent  (r.m .s.  va lue  for a. c. )  wh ich  i t  has  to  
carry i n  normal  service.  

Equ ipment on  the  d . c.  s i de  shou ld  be  su i table  for d i rect vol tage  and  d i rect curren t.  

Equ ipment shou ld  a lso  be  capable  of carrying  the  curren ts  l i ke l y to  fl ow i n  abnormal  
cond i ti ons  for such  periods  of time as  are  determ ined  by the  characteristi cs  of the  protective  
devices.  

I f frequency has  an  i n fl uence on  the  characteristics  of equ ipment,  the  rated  frequency of the  
equ ipment shou ld  correspond  to  the  frequency and  frequency variations  wh ich  cou ld  occur i n  
the  ci rcu i t  concerned .  

The  electrical  equ ipment shou ld  wi thstand  the  expected  external  i n fl uences  such  as  wind ,  ice  
formation ,  temperature  and  solar rad iation ,  etc.  I f  a  p iece  of equ ipment does  not have,  by 
construction ,  the  necessary qual i ties  correspond ing  to  the  l ocation  i n  wh ich  i t  i s  i nsta l l ed ,  
appropriate  add i ti onal  protection  shou ld  be  provided ,  form ing  part of the  i nstal l ation .  

E lectrical  equ ipment shou ld  be  selected  and  erected  so  that i t  does  not produce,  i n  normal  
service,  any i n terference  wi th  the  other equ ipment i n  the  system.  The  causes  of i n terference 
i nclude:  

•  power factor;  

•  i n rush  current;  

•  phase  unbalance  ( three-phase systems);  

•  harmon ics.  

9.3  Wiring  system  

The m in imum  cross-sectional  area  of protective  conductors  shou ld  be  determ ined  accord ing  
IEC 60364-5-54.  

The  m in imum  cross  sectional  area  of conductors  shou ld  be  determ ined  accord ing  to:  

•  The  current-carrying  capaci ty of conductors  taking  account of external  in fl uences  and  of 
the  methods  of i nsta l l ation .  See  tab les  i n  I EC  60364-5-52.  

•  The  acceptable  vol tage  d rop  i n  conductors  of the  user’s  i nsta l l ations  shou ld  be  determ ined  
accord ing  I EC  60364-5-54.  Vol tage  values  shou ld  comply wi th  the  fo l lowing  l im i ts  at  the 
term inals  of any user’s  electrica l  equ ipment:  

For a . c.  vol tage,  

0 , 90  ×  230  V <  Ua. c.  <  1 , 1 0  ×  230  V 

For d . c.  vo l tage,  

0 , 85  ×  1 2  V <  Ud . c.  <  1 , 20  ×  1 2  V or 

0 , 85  ×  24  V <  Ud . c.  <  1 , 20  ×  24  V 

9.4 Isolation  and  switch ing  

9.4. 1  Isolation  

The  purpose  of i solation  i s  to  separate  a  ci rcu i t or equ ipment un i t  from  the  rest of the  system  
i n  order to  guarantee  the  safety of persons  who may have  to  work on ,  to  main ta in  or repai r i t.  

Every ci rcu i t  shou ld  be  capable  of being  i solated .  
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I n  TN-C-S  systems,  the  PEN  conductor shou ld  not  be  i n terrupted  (broken ,  swi tched  or 
d isconnected) .   

I n  TN-S  systems,  the  neu tral  conductor needs  not be  i n terrupted .  

Su i table  means  (pad locking ,  l ocation  wi th in  lockable  enclosure,  etc. )  shou ld  be  provided  to  
prevent any equ ipment from  being  un in tentional l y energ ised .  

The  isolating  d i stance  between  open  con tacts  shou ld  be  vis ib le  or clearl y and  rel i abl y 
i nd icated .  

9.4.2  Over-current protective  devices  

9.4.2 .1  General  

Fuses  (gPV type)  or ci rcu i t-breakers  wi th  appropriate  range  of i nstan taneous  tri pping  shou ld  
be  used .  

The  range  of i nstantaneous  tripping  for a  ci rcu i t-breaker shou ld  be  se lected  accord ing  to  the  
prospective  short-ci rcu i t  curren t.   

Overcurren t protective  devices  shou ld  be  preferabl y of a  type  ensuring  protection  against both  
overload  and  short-ci rcu i t  curren ts  and  capable  of acti ng  as  i so lati ng  swi tch  i n  the  open  
pos i tion .  

Specia l  atten tion  shou ld  be  paid  to  over-curren t protecti ve  devices  i nstal led  i n  series ,  to  
ensure  that an  appropriate  coord ination  is  ach ieved .  Selecti vi ty between  protecti ve  devices  i n  
series  shou ld  preferabl y be  tota l .  

9.4.2 .2  AC  over-current protective  devices   

The number of protected  poles  depends  on  the  neutral  earth ing  d istribu tion  system  and  on  the  
cross-sectional  area  the  neu tra l  conductor,  i n  accordance wi th  Table  3 .  

NOTE  A protected  pole  i s  a  pole  provided  wi th  an  over-cu rrent  re l ease.  

Table  3  – Number of protected  poles  with  regard  to  the  characteristics   
of the  d istribution  system   

Distribution  system  Conductors  Cross-sectional  area 
of the  neutral ,  PEN  
or PEL conductor 

Protected  poles  Condi tions  

TT or TN -S  3  L    3  L    

3  L  +  N   S
N
 =  S

L
  3  L  or 3  L  +  N    

L  +  N   S
N
 =  S

L
  L  or L  +  N    

3  L  +  N   S
N
 <  S

L
  3  L   1  +  2  +  3  +  4   

3  L  +  N   S
N
 <  S

L
  3  L  +  N   1  +  2  +  3   

TN -C-S  3  L  +  PEN   S
PEN

 =  S
L
  3  L    

3  L  +  PEN   S
PEN

 <  S
L
  3  L   1  +  2  +  3  +  4   

L  +  PEL  S
PEL

 =  S
L
  L    

Cond i ti ons:   

1 :  The  cross-secti onal  area  of the  conductors  i s  >1 6  mm 2  Cu  or >25  mm 2  Al .   

2 :  The  power consumed  between  phases  and  neu tral  i s  <1 0  %  of the  total  power transm i tted  by the  mains .   

3 :  The  maximum  curren t  expected  to  fl ow i n  the  neu tra l  conductor i s  l ess  than  i ts  perm issib le  cu rren t.   

4 :  The  neutral  conductor i s  protected  against  short-ci rcu i ts  by  the  steps  taken  to  protect  the  phase  conductors .   
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9.4.2 .3  DC  over-current protective  devices  

For the  se lection  of d . c.  overcurrent protecti ve  devices,  i t  i s  recommended  to  be  ass isted  by 
the  manufacturer after having  determ ined  and  transm i tted  the  characteri stics  of the  ci rcu i t  
(short-ci rcu i t  current,  rated  curren t,  t ime  constan t) .  

NOTE  For ca lcu lati on  of the  short-ci rcu i t  cu rrent  i n  case  of a  battery whose  i n ternal  res i stance  i s  not  known,  the  
fol l owing  formu la  can   be  used :  

I
k
 =  1 0  ×  C 

where  C  i s  i n  A/h .  

For calcu l ation  of the  short-ci rcu i t  cu rren t  at  the  term inal s  of a  d . c.  generator,  the  fo l l owing  formu la  can   be  used :  

I
k
 =  1 , 1  ×  U

n
/  R

i
 

where  R
i
 i s  the  i n ternal  res i stance  of the  generator.  

For calcu l ation  of the  short-ci rcu i t  cu rrent  at  any poi n t  of the  i nstal l ati on ,  the  fo l l owing  formu l a  can  be  used :  

I
k
 =  1 , 1  ×  U

n
/R

i
 +  2R

L
 

where  R
L
 i s  the  l i ne  res i stance.  

And  i n  case  of the  presence  of a  d . c.  motor,  the  value  of I
k
,  here  above  i s  i ncreased  by the  value  of 6I

N
 of the  

motor.  

9.4.3  Residual  Current Devices  (RCD)  

Residual  current  devices  shou ld  be  so  selected ,  and  the  e lectric ci rcu i ts  so  subd ivided  that 
any earth  l eakage  current wh ich  may be  expected  to  occur during  normal  operation  of the  
connected  l oad(s)  wi l l  be  un l ikel y to  cause  unnecessary tripping  of the  device.  

NOTE  Residual  cu rren t  protecti ve  devices  can  operate  at  any value  of res idual  current  i n  excess  of 50  %  of the  
rated  operati ng  cu rren t.  

Residual  current protective  devices  in  d . c.  systems shou ld  be  specia l l y designed  for detection  
of d . c.  res idual  currents,  and  to  break ci rcu i t  curren ts  under normal  cond i ti ons  and  fau l t 
cond i ti ons.   

For the  systems  concerned ,  RCDs  i nsta l l ed  upstream  surge  protecti ve  devices  shou ld  be  of 
type  S ,  i n  order to  a l l ow service  con tinu i ty.  

9.5  Surge protective  devices  

The selection  and  erection  of SPDs  shou ld  comply wi th  I EC  60364-5-53: 2001 ,  Clause  534.  

The  fol lowing  are  the  l ead ing  parameters  needed  to  se lect  SPDs  (see  a lso  Clause  C. 3):  

UP  =   protection  level  for nom inal  curren t (for example  2 , 5  kV,  1 , 5   kV).  

UC  =   con tinuous  service  vol tage  to  be  chosen  on  the  basis  of mains  nom inal  vol tage.  

Inom inal  (8/20  wave)  =  nom inal  d ischarge  curren t.  Standard  values:  20  kA,  1 0  kA,  5  kA,  etc.  

Use  of SPDs  in  presence of harmon ics  (e. g .  where  non  s ine-wave i nverters  are  used)  i s  
problematic.  Due  to  harmon ics,  the  ageing  of varistors  is  accelerated .  One  solu tion  to  
overcome th is  i s  to  i nsta l l  SPDs  i nclud ing  i n ternal  spark-gaps  in  series  wi th  the  varistor (S iC  
or ZnO).  New SPD  technolog ies  are  to  be  cons idered  as  wel l .  
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9.6  Earth ing  arrangement,  protective  conductors  and  protective  bond ing  conductors  

9.6. 1  Earth  electrodes  

9.6. 1 . 1  General  

Materia ls  and  d imensions  of the  earth  e lectrodes  shou ld  be  selected  to  wi thstand  corros ion  
and  to  have  mechan ical  strength .  

When  selecti ng  type  and  embedded  depth  of earth  e lectrode,  cons ideration  shou ld  be  g iven  to  
l ocal  cond i ti ons  so  that  soi l  d rying  and  freezi ng  wi l l  be  un l ikel y to  i ncrease  the  earth  
res istance  of the  earth  e lectrode  to  such  a  va lue  that wou ld  impai r the  protecti ve  measures  
against  e lectric  shock.  

9 . 6. 1 .2  Earth  electrodes  for the  supply system  

Examples  of earth  electrodes  wh ich  may be  used  are:   

•  underground  structural  network embedded  in  foundations  (foundation  earth  e lectrode) ,  

•  rods  or p ipes,  

•  tapes  or wi res,  

•  metal  sheaths  and  other metal  coverings  of cables  accord ing  to  l ocal  cond i tions  or 
requ i rements ,  

•  p lates.  

Where  poss ible,  a  foundation  earth  e lectrode  shou ld  be  preferred .  

Common  m in imum  sizes  for earth  e lectrodes  of commonly used  materia l  can  be  found  in  
I EC 60364-5-54.  

9.6. 1 .3  Earth  termination  (electrode)  of a  l i ghtn ing  protection  system  

I n  order to  d isperse  the  l i gh tn ing  curren t i n to  the  earth  wi thout  causing  dangerous  
overvol tages,  the  shape  and  the  d imensions  of the  earth  term ination  system  of an  LPS  are  
more  important  than  the  value  of the  resistance  of the  earth  e lectrode  (characteristic 
appl icable  for d . c.  or l ow frequency phenomena).   

The  earth  term ination  system  shou ld  be  composed  of:  

•  e i ther conductors  of the  same nature  and  same cross-section  as  the  down-conductors  ( i n  

general ,  30  mm  ×  2  mm  copper s trip)  l a i d  ou t  i n  the  form  of a  l arge  crow’s  foot:  
3  conductors  7  m  to  8  m  l ong  buried  horizon tal l y at  a  depth  of at  l east 0 , 60  m ,  

•  or a  set  of 3  vertical  rods  2  m  in  l eng th  connected  together and  set  ou t at  the  apexes  of an  
equ i lateral  tri ang le  wi th  s i des  measuring  abou t 2  m .  

The  earth  term ination  system  of the  LPS shou ld  be  bonded  to  the  earth ing  arrangement wi th  
short connexions .  

9.6. 1 .4  Appl ication  to  the  protection  of an  ENR power system  

The wind-powered  generator and/or the  frame of the  PV panels  shou ld  be  earthed  by a  crow’s  

foot  earth  e lectrode  wi th  the  l owest poss ib le  res istance  (a  1 0  Ω  a t  50  Hz is  frequentl y 
adopted).  Th is  earth  e lectrode  shou ld  be  bonded ,  wi th  short connexions,  to  the  earth ing  
arrangement of the  techn ical  rooms housing  the  other equ ipment of the  i nstal lation .  
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9.6.2  Protective  bonding  conductors  

Where protecti ve  equ ipotentia l  bond ing  conductors  are  instal l ed ,  they shou ld  be  paral l e l  to  
and  in  cl osest  con tact  as  possib le  wi th  d . c.  cables  and  a . c.  cables  and  accessories  
( IEC 60364-7-71 2).  

1 0  Veri fication  

See  I EC TS  62257-6.  

1 1  Operation  and  maintenance  

See  I EC TS  62257-6.  
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Annex A 
(informative)  

 
Protection  against electric shock in  electrical  i nstal lations  

 

A.1  Protection  against electric shock 

The fundamental  ru le  of protection  against e lectric  shock,  accord ing  to  I EC 61 1 40,  i s  that 
hazardous- l i ve-parts  shou ld  not  be  accessib le  and  access ib le  conductive  parts  shou ld  not  be  
hazardous  l i ve  e i ther under normal  cond i tions  or under s i ng le  fau l t  cond i tions.  

Accord ing  to  I EC  61 1 40,  protection  under normal  cond i tions  i s  provided  by bas ic  protecti ve  
provis ions  and  protection  under s ing le  fau l t cond i ti ons  i s  provided  by fau l t  protecti ve  
provis ions.  Al ternativel y,  protection  against  e lectric  shock i s  provided  by an  enhanced  
protective  provision  wh ich  provides  protection  under normal  cond i tions  and  under s ing le  fau l t  
cond i tions.  

Consequen tl y,  a  protecti ve  measure  i s :  

•  an  appropriate  combination  of a  protective  provis ion  for basic  protection  and  an  
i ndependent  protecti ve  provision  for fau l t  protection ,  or   

•  an  enhanced  protecti ve  provision  wh ich  provides  both  bas ic protection  and  fau l t  protection .  

I n  each  part  of an  i nstal lation ,  one  or more  protecti ve  measures  shou ld  be  appl ied .  Except 
otherwise  speci fied ,  the  fo l l owing  protecti ve  measures  are  perm i tted :  

•  au tomatic  d isconnection  of suppl y;  

•  double  or re inforced  i nsu lation ;  

•  e lectrical  separation  for the  suppl y of one  i tem  of current us ing  equ ipment;  

•  extra- low vol tage.  

The  fol l owing  protecti ve  measures:  

•  use  of obstacles;  

•  p lacing  ou t of reach ;  

shou ld  on l y be  used  under the  control  of ski l led  or i nstructed  persons.  

The  fol l owing  protecti ve  measures:  

•  non-conducting  l ocation ;  

•  earth-free  l ocal  equ ipotentia l  bond ing ;  

•  e lectrical  separation  for the  supply of more  than  one  i tem  of cu rrent using  equ ipment;   

may be  appl ied  on l y when  the  i nstal lation  i s  under the  control  of ski l l ed  or instructed  persons  
so  that unauthorized  changes  cannot be  made.  

A.2  Automatic d isconnection  of supply 

A.2. 1  General  

Automatic d isconnection  of suppl y i s  a  protecti ve  measure  i n  wh ich :  
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•  bas ic protection  is  provided  by basic  i nsu lation  of l i ve  parts  or by barriers  or enclosures,  
and  

•  fau l t  protection  is  provided  by au tomatic d isconnection  of supply.  

NOTE  1  Where  speci fi ed ,  add i ti onal  protection  i s  provided  by a  res i dual  curren t  protecti ve  device  wi th  rated  
res idual  operati ng  current  not  exceed i ng  30  mA.  

A protective  device  shou ld  au tomatical l y d isconnect the  suppl y to  the  ci rcu i t  or equ ipment i n  
the  even t of a  fau l t between  a  l i ve  part and  an  exposed -conductive-part or a  protecti ve  
conductor i n  the  ci rcu i t or equ ipment wi th in  the  time requ ired .  

The  maximum  d isconnection  time  i s  g i ven  in  I EC 60364-4-41 .  

I f au tomatic d isconnection  cannot be  ach ieved  i n  the  time  requ ired  as  appropriate,  
supplementary protecti ve  equ ipotential  bond ing  shou ld  be  provided .   

I n  a . c.  systems,  add i ti onal  protection  by means  of a  residual  curren t  protecti ve  device  wi th  
rated  res idual  operating  curren t not  exceed ing  30  mA shou ld  be  provided  for:  

•  socket-ou tlets  wi th  a  rated  cu rrent  not exceed ing  20  A,  under the  supervision  of ord inary 
persons,  and  

NOTE  2  Th is  add i ti onal  protection  can  be  i n  the  socket-ou tl ets  (SRCD)  or the  ci rcu i t  supplyi ng  the  socket-  
ou tl et.  

NOTE  3  For example,  d omesti c  dwel l i ngs  are  normal l y under the  supervis ion  of ord inary persons.  

•  the  fi nal  ci rcu i ts  for hand-held  and  Class  I  current-us ing  equ ipment,  wi th  a  curren t rating  
not exceed ing  32  A,  for use  outdoors  where  the  equ ipment i s  connected  other than  
through  a  socket-outlet.  

A.2.2  In  TN  systems  

The characteristics  of protecti ve  devices  and  the  ci rcu i t  impedances  shou ld  fu l fi l  the  fol l owing  
requ irement:  

 Zs  ×  Ia  ≤  Uo  (A. 1 )  

where  

Zs   i s  the  impedance  i n  ohms of the  fau l t  l oop  comprising  the  source,  the  l i ve  conductor up  to  
the  poin t of the  fau l t and  the  protective  conductor between  the  poin t of the  fau l t  and  the  
source;  

Ia   i s  the  current i n  amps  caus ing  the  au tomatic operation  of the  d isconnecting  device  wi th in  
the  time  requ i red .  When  the  protecti ve  device  i s  a  res idual  curren t  protecti ve  device,  th is  
curren t i s  the  rated  res idual  operati ng  current;  

Uo  i s  the  nom inal  a . c.  or d . c.  l i ne  to  earth  vol tage,  in  vol ts .  

A.2.3  In  TT  systems  

When  a  res idual  curren t  device  is  used  for fau l t  protection ,  the  fo l lowing  cond i ti on  shou ld  be  
fu l fi l l ed :  
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 RA  ×  I∆n  ≤  50  V (A. 2)  

where  

RA  i s  the  sum  of the  res istance  i n  ohms  of the  earth  e lectrode  and  the  protecti ve  conductor 
for the  exposed  conductive-parts;  

I
∆n   i s  the  rated  residual  operati ng  curren t of the  RCD.  

When  an  overcurrent  protective  device  is  used  for fau l t  protection ,  the  fol lowing  cond i ti on  
shou ld  be  fu l fi l l ed :  

 Zs  ×  Ia  ≤  Uo  (A. 3)  

where  

Zs   i s  the  impedance  i n  ohms of the  fau l t  l oop  comprising  the  source,  the  l i ve  conductor up  to  

the  poin t of the  fau l t,  the  protective  conductor of the  exposed  conductive  parts,  the  earth  
e lectrode  of the  i nsta l lation  and  the  earth  electrode  of the  source;  

Ia   i s  the  current i n  amps  caus ing  the  au tomatic operation  of the  d isconnecting  device  wi th in  
the  time requ ired ;  

Uo   i s  the  nom inal  a . c.  r.m .s.  or ripple-free  d . c.  vol tage,  i n  vol ts  to  earth .  

A.3  Double  or reinforced  insulation  

Double  or reinforced  i nsu lation  i s  a  protecti ve  measure  in  wh ich :  

•  bas ic  protection  is  provided  by basic  i nsu lation ,  and  fau l t  protection  is  provided  by 
supplementary i nsu lation ,  or 

•  bas ic  and  fau l t  protection  i s  provided  by re inforced  i nsu lation  between  l i ve  parts  and  
accessib le  parts.  

NOTE  Th is  protecti ve  measure  i s  i n tended  to  prevent the  appearance  of d angerous  vol tage  on  the  accessib le  parts  
of e l ectri ca l  equ ipment th rough  a  fau l t  i n  the  bas ic  i nsu lation .  

A.4  Extra-low-voltage (SELV and  PELV)  

Protection  by extra- low-vol tage  is  a  protecti ve  measure  wh ich  cons ists  of two  d i fferen t extra-
low-vol tage  systems:  

•  SELV 

•  PELV 

i n  wh ich  protection  i s  provided  by:  

•  l im i tation  of vol tage  in  the  SELV or PELV system  to  a. c.  vol tage  of 50  Va. c.  or d . c.  vol tage  
of 1 20  Vd . c. ,  

•  protective  separation  of the  SELV or PELV system  from  a l l  ci rcu i ts  other than  SELV and  
PELV ci rcu i ts,  and  basic i nsu lation  between  the  SELV or PELV system  and  other SELV or 
PELV systems.  

For SELV systems on l y,  bas ic  insu lation  is  provided  between  the  SELV system  and  earth .  

A.5  Electrical  separation  

Electrical  separation  is  a  protecti ve  measure  i n  wh ich :  

•  bas ic  protection  i s  provided  by bas ic  insu lation  of l i ve  parts  or by barriers  and  enclosures ,  
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•  fau l t  protection  i s  provided  by s imple  separation  of the  separated  ci rcu i t  from  other ci rcu i ts .  

Th is  protecti ve  measure  shou ld  be  l im i ted  to  the  supply of one  i tem  of curren t us ing  
equ ipment suppl ied  from  one  unearthed  source  wi th  s imple  separation .  

A.6  Addi tional  protection  

The use  of res idual  curren t  protective  devices,  wi th  a  rated  operating  res idual  curren t not 
exceed ing  30  mA,  i s  recogn ized  i n  a . c.  systems  as  add i ti onal  protection  i n  the  even t of fa i l u re  
of other bas ic protecti ve  provis ions  or carelessness  by users .  
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Annex B  
(informative)  

 
Types  of LV distribution  systems earth ing  

 

B.1  Terms and  defin i tions  

For the  purposes  of th is  Annex,  the  fol l owing  terms  and  defin i tions  appl y.  

B.1 . 1  
current-carrying  conductor 

conductor wh ich  carries  the  electric  curren t under normal  cond i tions  

Note  1  to  en try:  The  l i ne  conductor (L),  the  neu tral  conductor (N ),  the  m id -poin t  conductor (M),  the  PEN  conductor,  
the  PEM  conductor and  the  PEL conductor are  the  cu rrent-carrying  conductors .  The  protecti ve  conductor (PE)  i s  
not  the  cu rren t-carryi ng  conductor.  

B.1 .2  
d istribution  network 
l ow-vol tage  e lectrical  network consisting  of the  power source  and  a  d istribu tion  l i ne  (overhead  
l i ne  or underground  cable)  and  in tended  for suppl ying  the  e lectric  power to  e lectrical  
i nsta l l ations  of bu i l d ings  and  other l ow-vol tage  e lectrical  i nsta l l ations  

B.1 .3  
d istribution  system  

l ow-vol tage  e lectrica l  system  cons isti ng  of a  d istribu tion  network and  an  e lectrical  i nsta l lation  

Note  1  to  en try:  The  d i stri bu ti on  system  usual l y i ncl udes  an  e l ectri cal  i nsta l l ati on  of bu i l d i ng  wh ich  i s  connected  to  
the  l ow-vol tage  d i stri bu ti on  network cons isti ng  of a  s tep-down  transformer substation  and  an  overhead  l i ne  or an  
underground  cabl e  (see  F i gu re  B . 1 ).  

Note  2  to  en try:  The  smal l est  d i stri bu tion  system  i ncl udes  a  power source  and  one  i tem  of a  curren t-us i ng  
equ i pment  (see  F i gu re  B . 2 ).  

 

Figure B. 1  – General  ou tl ine  of the  d istribution  system  
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Figure B.2  – Distribution  system  of the  smal lest type  

B. 1 .4  
earthed  l ine  conductor ( i denti fication :  LE)  

l i ne  conductor wh ich  has  an  e lectrical  connection  wi th  a  l ocal  earth  

B.1 .5  
electrical  instal lation  of bu i ld ing  
assembly of associated  e lectric equ ipment located  in  a  bu i l d ing  and  having  co-ord inated  
characteristics  to  fu l fi l  speci fic purposes  

[SOURCE:  I EC 60050-826: 2004,  826-01 -01 ,  mod i fied :  add i ti on  of "of bu i ld i ng "]  

B.1 .6  
type of system  earth ing  
i n tegrated  characteristic of the  d istribu tion  system ,  wh ich  assigns  avai lab i l i ty or absence  of 
earth ing  of l i ve  parts  of a  power source,  avai l abi l i ty of earth ing  of exposed-conductive-parts  of 
an  e lectrical  instal lation  or an  e lectrical  equ ipment,  avai l ab i l i ty and  performance of e lectrical  
connection  between  earthed  l i ve  parts  of the  power source  and  exposed-conductive-parts  

Note  1  to  en try:  The  characteri sti c  « type  of system  earth i ng»  determ ines  speci al  requ i rements  to  a l l  e l ements  of 
the  d i stri bu ti on  system .  For components  of the  d i stri bu ti on  network th i s  characteri sti c  determ ines  fol l owi ng  
requ i rements:  

– for the  power source  – presence  or absence  of earth i ng  of i ts  l i ve  parts .  I f the  power sou rce  has  the  earthed  
l i ve  part  the  add i ti onal  earth ing  of conductors  connected  e l ectri cal l y wi th  the  earthed  l i ve  part  of the  power 
source  may be  provi ded  i n  the  d i s tri bu ti on  network.  I f the  power source  has  l i ve  parts  i solated  from  the  earth  
the  d i s tri bu ti on  network conductors,  as  a  ru le,  shou l d  be  i solated  from  the  earth  or,  as  an  exception ,  some 
conductor can  be  earthed  th rough  an  impedance;  

– for the  d i stri bu ti on  l i ne  – requ i rements  to  the  arrangement  of the  protecti ve,  neu tral ,  m id -poi n t  and  earthed  l i ne  
conductors.  

For the  e l ectri ca l  i nsta l l ati ons  or the  e l ectri ca l  equ ipment th i s  characteri sti c  determ ines  requ i rements  to  earth ing  of 
the  exposed-conducti ve-parts ,  and  to  presence  or absence  of an  e l ectri cal  connecti on  of the  exposed-conducti ve-
parts  wi th  the  earthed  l i ve  part  of the  power sou rce.  

B.2  Types  of system  earthing  used  in  DRES (Figures  are  from  IEC  60364-
1 : 2005)  

B.2. 1  General  

The fol l owing  types  of system  earth ing  for a . c.  and  d . c.  e lectrical  systems  are  taken  in to  
account in  I EC 60364-1 : 2005.  

NOTE  1  F i gu res  B . 3  to  B . 7,  B . 9  to  B . 1 2  show examples  of common ly used  three-phase  systems.  F i gure  B . 8  
shows  an  example  of s i ng l e-phase  system .  F i gures  B . 1 3  to  B . 1 6  show examples  of common ly used  d . c.  systems.  
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NOTE  2  The  dotted  l i nes  i nd icate  the  parts  of the  system  that  are  not  covered  by the  scope  of the  standard ,  
whereas  the  sol i d  l i nes  i nd icate  the  part  that  i s  covered  by the  standard .  

NOTE  3  For pri vate  systems,  the  sou rce  and/or the  d i s tri bu tion  system  may be  cons idered  as  part  of the  
i nstal l ati on  wi th i n  the  mean ing  of th i s  standard .  For th i s  case,  the  fi gu res  may be  completely shown  i n  sol i d  l i nes.  

The l etter codes  used  for designations  of the  types  of system  earth ing  have  the  fo l l owing  
mean ings.  

The fi rst letter  d eterm ines  presence or absence of earth ing  of l i ve  parts  o f the  power source:  

– T  – one  l i ve  part  of the  power source  i s  earthed .  

Add i tional  earth ing  PEN ,  PEM ,  PEL conductors  and  protecti ve  conductor (PE)  i n  the  
d istribu tion  network ( i f any)  may be  provided .  

– I  – a l l  l i ve  parts  of the  power source  are  isolated  from  the  earth  or one  l i ve  part  i s  earthed  
through  a  h i gh  impedance.  

Conductors  of the  d istribution  network ( i f any) ,  as  a  ru le,  shou ld  be  isolated  from  the  earth .  

The second  l etter  speci fi es  the  earth ing  of exposed-conductive-parts  of the  e lectrica l  
i nsta l l ation  or e lectrical  connection  presence between  the  exposed-conductive-parts  and  the  
earthed  l i ve  part  of the  power source:  

– Т  –  the  exposed-conductive-parts  are  earthed  i rrespective  of presence or absence  of the  
earth ing  of any l i ve  part of the  power source;  

– N  – the  exposed-conductive-parts  have  d i rect connection  wi th  the  earthed  l i ve  part of the  
power source  executed  by PEN ,  PEM ,  PEL conductors  or protective  conductors  (PE).  

– Subsequent after N  l etters  speci fy how an  e lectrical  connection  between  the  earthed  l i ve  
part  of the  power source  and  the  exposed-conductive-parts  of the  e lectrical  i nsta l lation  is  
performed  in  the  d istribution  system ,  and  a lso  ass ign  features  of the  arrangement of 
conductors  wh ich  carry ou t  the  functions  of protecti ve  conductor (PE)  and  the  neu tra l  (N ),  
m id -poin t (M)  or earthed  l i ne  (LE)  conductor i n  the  d istribu tion  system:  

– C  – the  speci fi ed  connection  is  provided  throughou t the  d istribu tion  system  by means  of 
PEN ,  PEM  or PEL conductors .  Functions  of the  protecti ve  conductor and  the  neu tra l ,  m id -
poin t  or earthed  l i ne  conductor are  provided  throughou t  d istribu tion  system  by means  of 
the  s i ng le  conductor accord ing l y – PEN ,  PEM  or PEL conductor;  

– S  – the  speci fi ed  connection  i s  provided  throughou t the  d istribution  system  by means  of 
the  protecti ve  conductors  (PE).  Functions  of the  protecti ve  conductor and  the  neu tra l ,  m id -
poin t  or earthed  l i ne  conductor are  provided  th roughou t d istribu tion  system  by means 
separate  conductors  – the  protective  conductor and  the  neutral ,  m id -poin t  or earthed  l i ne 
conductor;  

– C-S  – the  speci fied  connection  i s  provided  i n  a  head  part  of the  d istribu tion  system  (from  
the  power source)  by means  of PEN ,  PEM  or PEL conductors ,  and  in  other parts  of the  
d istribu tion  system  – by means  of protective  conductors  (PE).  I n  the  head  part  of the  
d istribu tion  system  the  functions  of the  protecti ve  conductor and  the  neu tral ,  m id -poin t  or 
earthed  l ine  conductor are  provided  by means  of PEN ,  PEM  or PEL conductor,  and  i n  
other parts  of the  d istribution  system  are  provided  by means  of separate  conductors  – the  
protecti ve  conductor and  the  neu tral ,  m id -poin t  or earthed  l i ne  conductor.  
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 Explanation  of symbols  for F igures  accord ing  to  IEC  6061 7  

 

 

 IEC  6061 7 -S00446  

Neutral  conductor (N );  m id -poin t  conductor (M)  

 
 

I EC  6061 7-S00447  

Protecti ve  conductor (PE)  

 

 

I EC  6061 7-S00448  

Combined  protecti ve  earth ing  and  a  neutral  conductor (PEN);  combined  protective  
earth ing  and  a  m id -poin t conductor (PEM)  

 

B.2.2  AC  TN  systems  

B.2.2. 1  Single-source  d istribution  systems  

TN  power systems  have  one  l i ve  part d i rectl y earthed  at the  power source.  The  exposed-
conductive-parts  of the  e lectrical  instal lation  are  connected  to  that l i ve  part  by protecti ve 
conductors.  Three  types  of TN  systems  are  cons idered  accord ing  to  the  arrangement of the  
neu tra l  or earthed  l i ne  conductor and  the  protecti ve  conductor,  as  fo l l ows:  

– TN-S  system  i n  wh ich ,  throughout the  d istribu tion  system,  a  separate  protective  conductor 
is  used  (see  F igures  B . 3,  B . 4  and  B. 5).  
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NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductors  PE  i n  the  d i stri bu ti on  network and  i n  the  e l ectri cal  
i nstal l ati on  may be  provided .  

Figure B.3  – TN-S  system  3-phase,  4-wire  wi th  separate  neutral  conductor and  
protective  conductor th roughout the  d istribution  system  
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NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductors  PE  i n  the  d i stri bu ti on  network and  i n  the  e l ectri cal  
i nstal l ati on  may be  provided .  

Figure B.4 – TN-S  system  3-phase,  3-wire  with  separate  earthed  l ine  conductor and  
protective  conductor th roughout the  d istribution  system  
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NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductors  PE  i n  the  d i stri bu ti on  network and  i n  the  e l ectri cal  
i nstal l ati on  may be  provided .  

Figure  B.5 – TN-S  system  3-phase,  3-wire  with  protective  conductor and  no  d istributed  
neutral  conductor th roughout the  d istribution  system  

– TN-C-S  system  i n  wh ich  a  s ing le  conductor wh ich  is  carrying  ou t the  neu tra l  or earthed  
l ine  conductor and  protecti ve  conductor functions  i s  used  in  a  part of the  d istribu tion  
system  (see  F igures  B. 6,  B . 7  and  B. 8).  

The  PEN  and  PEL  conductors  are  not  a l lowed  in  the  e lectrical  i nsta l l ations  of res identia l  
prem ises,  publ ic  prem ises,  commercial  prem ises,  med ical  l ocations.  The  d istribution  network 
PEN  or PEL  conductor shou ld  be  separated  i n to  the  neu tral  or earthed  l i ne  and  protecti ve 
conductors  at the  ori g in  of the  e lectrical  i nsta l lation  (see  F igures  B. 7  and  B .8) .  
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NOTE  1  Neu tral  and  protecti ve  conductor functi ons  combined  i n  a  s i ng le  conductor i n  a  part  of the  d i stri bu ti on  
system .  

NOTE  2  Add i ti onal  earth i ng  of the  PEN  conductor or the  protecti ve  conductor PE  i n  the  e l ectri cal  i nstal l ati on  may 
be  provi ded .  

NOTE  3  Add i ti ona l  earth i ng  of the  PEN  conductor i n  the  d i stri bu tion  network may be  provi ded .  

Figure B.6  – TN-C-S system  3-phase,  4-wire  where  the  PEN  conductor i s  separated  
in to  the  protective  conductor PE  and  the  neutral  conductor N  

elsewhere  in  the  electrical  instal lation  
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NOTE  1  Neu tral  and  protecti ve  conductor functi ons  combined  i n  a  s i ng le  conductor i n  a  part  of the  d i stri bu ti on  
system .  

NOTE  2  Add i ti onal  earth i ng  of the  PEN  conductor i n  the  d i s tri bu tion  network and  of the  protecti ve  conductor PE  i n  
the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure B.7  – TN-C-S system  3-phase,  4-wire  where  the  PEN  conductor i s  separated  
in to  the  protective  conductor PE  and  the  neutral  conductor N  

at the  orig in  of the  electrical  instal lation  

 

NOTE  1  Neu tral  and  protecti ve  conductor functions  combined  i n  a  s i ng le  conductor i n  a  part  of the  d i stri bu tion  
system .  

NOTE  2  Add i ti ona l  earth ing  of the  PEN  conductor i n  the  d i s tri bu tion  network and  of the  protecti ve  conductor PE  i n  
the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure B.8  – TN-C-S  system  – single-phase,  2-wire  where the  PEN  conductor i s  
separated  in to  the  protective  conductor PE  and  the  neutral  conductor N  

at the  orig in  of the  electrical  instal lation  
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– TN-C  system  i n  wh ich  a  s i ng le  conductor wh ich  i s  carrying  ou t the  neu tral  or earthed  l i ne  
conductor and  protecti ve  conductor functions  i s  used  throughout the  d istribu tion  system  
(see  F igure  B. 9).  

TN-C system  is  not  a l l owed  in  the  electrical  i nsta l lations  of res iden tia l  prem ises,  publ ic 
prem ises,  commercia l  prem ises,  med ical  locations.  

 

NOTE  Add i ti onal  earth i ng  of the  PEN  conductor i n  the  d i s tri bu tion  network and  i n  the  e l ectri cal  i nsta l l ati on  may be  
provi ded .  

Figure B.9  – TN-C  system  3-phase,  4-wire  with  neutral  and  protective  conductor 
functions  combined  in  a  single  conductor throughout the  d istribution  system  

B.2.2.2  Mu ltiple  source  d istribution  systems  

NOTE  1  The  mu l ti pl e  source  d i stri bu tion  system  i s  shown  for the  TN-S  system  wi th  the  u n ique  a im  of provi d i ng  
EMC.  The  mu l ti p l e  source  system  i s  not  shown  for I T  and  TT systems because  these  systems  are  general l y  
compatibl e  wi th  regard  to  EMC.  

NOTE  2  For the  TT mu l ti pl e  source  d i stri bu tion  system ,  see  444. 4 . 6. 2  of I EC 60364-4-44: 2007.  

I n  the  case  of an  i nappropriate  des ign  of an  i nstal l ation  form ing  part  of a  TN -S  system  wi th  
mu l tip le  sources  some of the  operati ng  curren t may fl ow through  un in tended  paths.  These  
curren ts  may cause  

– fi re ;  

– corrosion ;  

– e lectromagnetic  in terference.  

The  system  shown  i n  F igure  B. 1 0  i s  a  system  where  m inor partia l  operati ng  curren ts  fl ow as  
curren ts  th rough  un in tended  paths.  The  essen tia l  design  ru les  shown  i n  F igure  B. 1 0  from  a)  to  
d )  are  g iven  i n  the  legend  below F igure  B. 1 0.  

The  marking  of the  protective  conductor PE  shal l  be  in  accordance  wi th  I EC 60445.  
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Any extens ion  of the  system  shal l  be  taken  i n to  accoun t wi th  regard  to  the  proper function ing  
of the  protecti ve  measures.  

 

Key 

a)  No  d i rect  connection  from  e i ther the  transformer or the  generator neu tral  poi n t  to  earth  i s  perm i tted .  

b)  The  i n terconnection  conductor between  e i ther the  neu tral  po in ts  of the  transformers  or of the  generators  shal l  
be  i nsu lated .  The  function  of th i s  conductor i s  l i ke  a  PEN ;  however,  i t  shal l  not  be  connected  to  cu rrent-usi ng  
equ i pment.  

c)  On ly  one  connection  between  the  i n terconnected  neutral  poi n ts  of the  sou rces  and  the  protecti ve  conductor PE  
shal l  be  provi ded .  Th i s  connection  shal l  be  l ocated  i ns i de  the  main  swi tchgear assembly.  

d )  Add i ti onal  earth ing  of the  protecti ve  conductor PE  i n  the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure  B. 1 0  – TN-S  mu ltiple  source system  3-phase,  4-wire  with  separate  protective  
conductor and  neutral  conductor to  current  using  equ ipment 

B.2.3  AC  TT systems  

The TT power system  has  one  l i ve  part d i rectl y earthed  at the  power source.  The  exposed-
conductive-parts  of the  e lectrical  i nsta l l ation  are  connected  to  earth  e lectrodes  electrical l y 
i ndependent of the  earth  e lectrode  of the  power source  (see  F igures  B. 1 1  and  B. 1 2).  
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NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductor PE  i n  the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure  B. 1 1  – TT  system  3-phase,  4-wire  with  earthed  protective  conductor and  neutral  
conductor throughout the  d istribution  system  

 

 

NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductor PE  i n  the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure B. 1 2  – TT system  3-phase,  3-wire  with  earthed  protective  conductor and  no  
d istributed  neutral  conductor th roughout the  d istribution  system  

IEC  

IEC  

International  Electrotechnical  Commission

 



 – 36  – I EC TS  62257-5:201 5    I EC  201 5  

B.2.4  DC  d istribution  systems  

B.2.4. 1  General  

Type of system  earth ing  for d i rect  current (d . c. )  d is tribution  systems.  

Where  the  fol lowing  F igures  B. 1 3  to  B. 1 6  show earth ing  of a  speci fic pole  of a  two-wire  d . c.  
system ,  the  decis ion  whether to  earth  the  pos i ti ve  or the  negative  pole  shal l  be  based  upon  
operational  ci rcumstances  or other cons iderations,  for example,  avoidance  of corrosion  
effects  on  l i ne  conductors  and  earth ing  arrangements.  

B.2.4.2  TN-S-system  

The earthed  l i ne  conductor LE– i n  the  system  of type  a)  or the  earthed  m id -poin t  conductor M  
i n  the  system  of type  b)  i s  separated  from  the  protecti ve  conductor throughout the  e lectrica l  
i nsta l l ation .  
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Type a)  – 2-wire  

 

Type b)  – 3-wire  

 

NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductor PE  i n  the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure B. 1 3  – TN-S  d .c.  system  
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B.2.4.3  TN-C-system  

The functions  of the  earthed  l ine  conductor LE– and  of the  protecti ve  conductor in  the  system  
of type  a)  are  combined  i n  one  s i ng le  PEL conductor throughout the  e lectrical  i nsta l l ation ,  or 
the  earthed  m id-poin t conductor M  and  the  protecti ve  conductor i n  the  system  of type  b)  are  
combined  i n  one  s i ng le  PEM  conductor throughout  the  e lectrical  i nsta l lation .  

TN-C system  is  not a l l owed  i n  electrica l  i nsta l lations  of res idential  prem ises,  publ ic prem ises ,  
commercia l  prem ises,  med ical  l ocations  or the ir parts .  

 
Type a)  – 2-wire  

 

Type b)  – 3-wire  

 

NOTE  Add i ti onal  earth ing  of the  PEL  conductor or the  PEM  conductor i n  the  e l ectri cal  i nsta l l ati on  may be  
provi ded .  

Figure B. 1 4 – TN-C  d .c.  system  
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B.2.4.4  TN-C-S-system  

The functions  of the  earthed  l ine  conductor LE– and  of the  protecti ve  conductor in  the  system  
of type  a)  are  combined  i n  one  s ing le  PEL conductor i n  a  part of the  e lectrical  i nsta l l ation ,  or 
the  earthed  m id -wi re  conductor M  and  the  protecti ve  conductor i n  the  system  of type  b)  are  
combined  i n  one  s i ng le  PEM  conductor i n  a  part of the  electrica l  i nsta l l ation .  

The  PEL conductors  and  PEM  conductors  are  not a l l owed  i n  the  electrical  i nsta l l ations  of 
res identia l  prem ises,  publ ic  prem ises,  commercia l  prem ises,  med ical  l ocations.  

 

Type a)  – 2-wire  

 

Type b)  – 3-wire  

 

NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductor PE  i n  the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure B. 1 5 – TN-C-S  d .c.  system  
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B.2.4.5  TT-system  

One l i ve  part  of the  power source  is  earthed .  The  exposed-conductive-parts  of the  e lectrical  
i nsta l lation  are  earthed  by connection  to  earth  e lectrodes  e lectrica l l y i ndependent from  the  
earth  e lectrode  of the  power source.  

 

Type a)  – 2-wire  

 

Type b)  – 3-wire  

 

NOTE  Add i ti onal  earth i ng  of the  protecti ve  conductor PE  i n  the  e l ectri cal  i nsta l l ati on  may be  provi ded .  

Figure B. 1 6  – TT d .c.  system  
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Annex C  
(informative)  

 
Classification  of electrical  equipment 

 

C.1  Classification  of residual  current devices  (RCDs)   
(see IEC 61 008,  IEC  61 009,  IEC  60755,  IEC  60947-2,  IEC 62423)  

Residual  Curren t Devices  (RCDs)  are  class i fied  accord ing  to  a  number of cri teria  i nclud ing  the  
fol l owing :  

a)  Classi fication  accord ing  to  the  presence of i n tegra l  over curren t protection  

•  RCBOs:  Residual  current operated  ci rcu i t-breakers  wi th  i n tegral  over current  protection  

•  RCCBs:  Residual  current operated  ci rcu i t-breakers  wi thou t i n tegra l  over current 
protection  

b)  Class i fication  accord ing  to  the  method  of operation  

•  Functional l y i ndependent  of the  l i ne  vol tage  

•  Functional l y dependent  of the  l i ne  vol tage  

– Open ing  au tomatica l l y i n  case  of fa i l u re  of the  l i ne  vol tage  wi th  or wi thout  delay 

– Not open ing  au tomatical l y i n  case  of fa i l u re  of the  l ine  vol tage  

c)  Class i fication  accord ing  to  the  type  of i nsta l l ation  

•  For fixed  insta l l ation  and  fixed  wi ri ng  

•  For mobi l e  i nsta l l ation  and  corded  connexion  

d )  Class i fication  accord ing  to  the  number of poles  and  curren t paths  

e)  Class i fication  accord ing  to  the  poss ib i l i ty of ad justi ng  the  res idual  operati ng  current  

f)  Class i fication  accord ing  to  the  res istance  to  unwanted  tripping  due  to  vol tage  surges  

•  General  type  

•  Type  S  ( i ncreased  resistance  to  unwanted  tri pping)  

g )  Class i fication  accord ing  to  time-delay 

•  Wi thou t time  de lay 

•  Wi th  time delay:  type  S  for selecti vi ty 

h )  Class i fication  accord ing  to  behavior i n  presence of d . c.  componen ts  

DC  components  are  caused  by the  recti fier devices  now i ncreasing l y form ing  part  of 
equ ipment.  These  d . c.  components  may d im in ish  the  sensi ti vi ty of certa in  d i fferen tia l  devices  
or even  completel y i nh ib i t  operation  by saturati ng  the ir magnetic ci rcu i ts .  For th is  reason ,  four 
types  of d i fferentia l  devices  – AC,  A,  F  and  B  – have  been  adopted  by the  re levant standards ,  
as  fol l ows:  

1 )  AC  type  

Device  for wh ich  tri pping  is  ensured  for res idual  s inusoidal  a l ternating  curren t,  whether 
sudden l y appl i ed  or s lowly ris ing .  

2)  A type  

Device  for wh ich  tripping  i s  ensured  for  

•  res idual  s i nusoidal  a l ternating  curren t  

•  res idual  pu lsati ng  d i rect curren t  
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•  for res idual  pu lsati ng  d i rect currents  superimposed  by a  smooth  d i rect  curren t of 
0 , 006  A,  

wi th  or wi thou t phase-ang le  control ,  i ndependent  of polari ty,  whether sudden l y appl i ed  or 
s l owly ris i ng .  

3)  F  type  

Residual  current device  for wh ich  tripping  is  ensured  as  for Type  A accord ing  to  
I EC 61 008-1  or I EC  61 009-1 ,  as  appl icable,  and  in  add i tion ,  

•  for composi te  res idual  cu rrents,  whether sudden l y appl i ed  or s lowly ris i ng  i n tended  for 
ci rcu i t  suppl ied  between  phase  and  neu tra l  or phase  and  earthed  m idd le  conductor;  

•  and  for res idual  pu lsating  d i rect  currents  superimposed  on  smooth  d i rect curren t of 
0 , 01  A.  

4)  B  type  

Residual  current device  for wh ich  tripping  is  ensured  as  for Type  F  and  i n  add i tion ,  

•  for residual  s inusoida l  a l ternating  currents  up  to  1  000  Hz;  

•  for res idual  a l ternati ng  curren ts  superimposed  on  a  smooth  d i rect curren t of 0 , 4  t imes  
the  rated  res idual  current  (I

∆n ) ;  

•  for res idual  pu lsating  d i rect curren ts  superimposed  on  a  smooth  d i rect  curren t of 0 , 4  
times  the  rated  res idual  current (I

∆n )  or 1 0  mA,  wh ichever is  the  h i ghest  value;  

•  for residual  d i rect curren ts  wh ich  may resu l t  from  recti fying  ci rcu i ts ,  i . e . ;  

•  two-pu lse  bridge  connection  l i ne  to  l i ne  for 2-,  3-  and  4-pole  devices;  

•  th ree-pu lse  star connection  or s ix-pu lse  bridge  connection  for 3-  and  4-pole  devices;  

•  for residual  smooth  d i rect  currents .  

C.2  Classification  of ci rcui t breakers  for a.c.  operation   
(see IEC  60898-1 ,  IEC  60947-2)  

Circu i t  breakers  for overcurren t protection  are  classi fi ed  accord ing  to  a  number of cri teria  
i nclud ing  the  fol lowing :  

a)  Class i fication  accord ing  to  the  number of poles  

b)  Class i fication  accord ing  to  the  i nstantaneous  tripping  curren t  

•  I nstan taneous  tri pping  cu rrent.  

•  M in imum  va lue  of curren t causing  the  ci rcu i t-breaker to  operate  au tomatical l y wi thou t 
i n ten tional  time-delay.  

c)  Class i fication  accord ing  to  the  I2t  characteristic  

The  I2t  characteristic  i s  the  cu rve  g iving  the  maximum  value  of I2t  as  a  function  of the  

prospective  current  under stated  cond i ti ons  of operation .  

Standard  rati ngs:  

•  Rated  short-ci rcu i t capaci ty 

•  Rated  current  

•  Rated  operational  vol tage  

•  Ranges  of i nstantaneous  tri ppi ng  

Standard  ranges  of i nstantaneous  tri pping  current are  g iven  hereunder (see  I EC  60898-1 ):  

•  B  type:  above 3  In  u p  to  and  i nclud ing  5  In  

•  C  type:  above 5  In  u p  to  and  i nclud ing  1 0  In  
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•  D  type:  above 1 0  In  up  to  and  i nclud ing  20  In  

C.3  Classification  of surge protective devices  (see IEC  61 643-1 1 )  

Surge  Protective  Devices  (SPDs)  are  classi fi ed  accord ing  to  a  number of cri teria  includ ing  the  
fol l owing :  

a)  Class i fication  accord ing  to  number of ports  

•  one-port  SPD:  SPD  connected  i n  shun t wi th  the  ci rcu i t  to  be  protected  

•  two-port SPD:  SPD  wi th  two  sets  of term inal ,  i nput and  ou tpu t.  

b)  Class i fication  accord ing  to  design  topology 

•  vo l tage  swi tch ing  type  SPD:  spark gaps,  gas  tubes,  th yristors  and  triacs  

•  vo l tage  l im i ti ng  type  SPD:  varistors  and  suppressor d iodes.  

c)  Class i fication  accord ing  to  test cl ass  

•  C l ass  I  test i s  i n tended  to  s imu late  partia l  conducted  l i gh tn ing  curren t impu lses.  SPDs  
subj ected  to  C lass  I  test  methods  are  general l y recommended  for locations  at  poin ts  of 
h igh  exposure,  e. g .  l i ne  entrances  to  bu i ld i ngs  protected  by LPS.  

•  SPDs  tested  to  class  I I  or I I I  test  methods  are  subjected  to  impu lses  of shorter du ration .  
These  SPDs  are  general l y recommended  for l ocations  wi th  l esser exposure .  

d )  Class i fication  accord ing  to  l ocation  and  access ib i l i ty 

•  i ndoor or ou tdoor 

•  access ib le  or ou t-of-reach .  

e)  Class i fication  accord ing  to  d isconnector l ocation  and  function  

A SPD  d isconnector is  a  device  for d isconnecting  an  SPD from  the  system  in  the  event of 
SPD  fa i l ure.  I t  i s  to  prevent  a  pers isten t fau l t  on  the  system  and  to  g i ve  vis ib le  ind ication  
of the  SPD  fa i lure.  

f)  Classi fication  accord ing  to  temperature  range  

•  Normal  or extended .  

g )  Standard  rati ngs  

•  Impu lse  curren t (class  I  tests)/Nom inal  d ischarge  current (for class  I I  tests)/ Open  
ci rcu i t vo l tage  (class  I I I  tests) .  

•  Vol tage  protection  l evels .  

•  r.m . s.  or d . c.  maximum  con tinuous  operati ng  vol tage.   
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Annex D  
(informative)   

 
General  information  concern ing  protection  against l ightning   

 

D.1  General  

Lightn ing  acts  i n  d i fferen t ways,  depend ing  on  whether the  structu re  is  struck d i rectl y or not  
(see  F igure  D . 1 ) .  

•  d i rect  strokes  i n fl icti ng  mechan ical  damage  and  at  the  same time generati ng  an  i ncrease  
i n  poten tia l  a l ong  the  structures  h i t  and  around  the  poin t of impact,  

•  i nd i rect  s trokes,  source  of over vol tages  that may resu l t  i n  remote  destruction  via  a  
number of d i fferen t propagation  channels  (a i r,  soi l ,  conductors ,  etc. ) .  

 

Earthing electrodes 

Equipment site 

Lightning  rod  

Lightning  conductor 
wire 

(1 ) (2) (3) 

Instal lation 

(a) 

(b)  

(c) 

(d) 

(1 ) First pole of the microgrid 
(2) Each pole located  200 m   

after the previous 
(3) Last pole of the microgrid  

IEC  

Key 

(a)  Li gh tn ing  stroke  on  wi nd  generator 

(b)  Li gh tn ing  stroke  on  a  photovol ta ic  panel  

(c)  D i rect  s troke  on  a  structu re  

(d )  E lectromagneti c  coupl i ng  between  the  l i gh tn ing  cu rrent  and  the  d i stri bu ti on  l i ne  and /or the  i nstal l ati on  cabl i ng  
system  

Figure D. 1  – Example  of effects  of a  l ightn ing  stroke  

NOTE  The  e lectromagneti c  coupl i ng  can  be  conducti ve  or i n ducti ve.  

Conducti ve  coupl i ng :  the  l i gh tn ing  stri kes  the  soi l  n ear an  i nstal l ati on  and  part  of the  l i gh tn ing  curren t  i s  i n j ected  
i n to  the  system  through  i ts  earth  e l ectrodes.  
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I nducti ve  coupl i ng :  the  l i gh tn ing  s tri kes  the  soi l  near the  i nstal l ati on  and  generates  over vo l tages  i n  the  system  by 
magneti c  i nducti on .  

For each  of the  propagati on  modes,  a  combination  of protecti ve  measures  i s  to  be  appl i ed  (su i tabl y adapted  means  
and  ru les)  to  l im i t  the  d i rect  and  i nd i rect  effects  of l i g h tn i ng  to  l evel s   for the  safety of persons,  the  protection  and  
the  operation  of equ ipment.  

General  bas ic i n formation  regard ing  surge  over vol tages  and  surge  protection  in  l ow vol tage  
a. c.  power systems is  g iven  in  I EC 62066.  

General  princip les  for the  protection  of structures  against l i gh tn ing  are  g i ven  in  the  I EC 62305  
series .  

D.2  Protection  against l ightning  – Principles  

I nstal l i ng  a  l i gh tn ing  protection  system  on  a  bu i l d i ng  (LPS)  usual l y resu l ts  i n  implementing :  

•  An  external  l i gh tn ing  protection  system  (ELPS).  

•  Surge  protecti ve  devices.  These  devices  are  located  at  the  d i fferen t l i nks  between  the  
structu res  and  thei r environment:  main l y the  power networks  and  data  transm ission  cables.  

•  A un ique  earth ing  arrangement.  Th is  i s  necessary to  l im i t the  potentia l  d i fferences  at  any 
poin t  on  a  s i te,   and  ach ieved   by:  

– i n terconnecting  the  earth  term ination  of the  elps  to  the  earth ing  arrangement wi th  short 
connexions;  

– bond ing  of meta l  enclosu res  and  screen ing ;  

– metal  p ipes  and  cables  shou ld  en ter the  bu i l d ings  at the  same place.  metal  sheets,  
screens,  metal  p ipes  and  connections  of these  parts  shou ld  be  bonded  and  connected  
to  the  earth ing  arrangement wi th  l ow impedance  conductors ;  

– connecting  al l  the  metal  e lemen ts  of the  structure  to  the  earth ing  arrangement.  
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