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Part 1 :  Guidel ines  for microgrid   

projects  planning  and  speci fication  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard 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  Standards,  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 Nati onal  Commi 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 a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( 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 ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
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  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  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 i s 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  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l 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 n dependent certi fi cati on  bod ies  provi de  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 agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  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 re l i ance  upon ,  th i s  I EC Publ i cati on  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  publ 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 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  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  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect i s  sti l l  u nder 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 TS  62898,  wh ich  i s  a  Techn ica l  Speci fication ,  has  been  prepared  by I EC  techn ica l  
committee  8:  Systems  aspects  for e lectrical  energy suppl y.  
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The  text of th is  Techn ical  Speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

8/1 445/DTS  8/1 460/RVDTS  

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

Th is  document 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  62898  series,  publ ished  under the  general  ti t le  Microgrids,  can  be  

found  on  the  I EC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti 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 document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  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  wh ich  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore  prin t th is  document using  a  
colour printer.  
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INTRODUCTION  

Microgrids  can  serve  d i fferent purposes  depend ing  on  the  primary obj ecti ves  of thei r 
appl ications.  They are  usual l y seen  as  means  to  manage re l iabi l i ty of suppl y i n  a  gri d  
con tingency and  l ocal  optim ization  of energy suppl y by con trol l i ng  d is tribu ted  energy 
resources  (DER).  M icrogrids  a lso  present  a  way to  provide  e lectrici ty suppl y i n  remote  areas  
and  to  use  clean  and  renewable  energy as  a  system ic approach  for rura l  e l ectri fication .  

Th is  part of I EC 62898  defines  the  gu idel i nes  for the  general  p lann ing  and  design  of 
m icrogrids,  and  I EC TS  62898-2 1  d efines  the  general  techn ical  requ irements  for operation  
and  control  of m icrogrids.  

Th is  document main l y covers  the  fol l owing  i ssues:  

•  determ ination  of m icrogrid  purpose  and  appl ication ;  

•  pre l im inary s tudy used  for m icrogrid  p lann ing ,  i ncl ud ing  resource  anal ysis,  l oad  forecast,  
DER plann ing  and  m icrogrid  power system  p lann ing ;  

•  princip les  of m icrogrid  techn ical  requ irements  that  shou ld  be  speci fied  during  p lann ing  
stage;  

•  m icrogrid  evaluation  to  se lect an  optimal  p lann ing  scheme for a  m icrogrid  proj ect.  

I EC TS  62898-2  main l y covers  the  fol lowing  i ssues:  

•  operation  requ i rements  and  con trol  targets  of m icrogrids  under d i fferen t operation  modes;  

•  bas ic  con trol  strateg ies  and  methods  under d i fferent  operation  modes;  

•  requ irements  of energy storage,  mon i toring  and  communication  under d i fferent  operation  
modes;  

•  power qual i ty.  

M icrogrids  can  be  stand-alone  or be  a  sub-system  of the  smart g ri d .  The  techn ica l  
requ i rements  i n  th is  document and  i n  I EC  TS  62898-2  are  i n tended  to  be  cons isten t  and  i n  
l ine  wi th :  

•  system  requ i rements  from  IEC  System  Committee  Smart Energy,  

•  techn ical  requ i rements  from  IEC 62786  for connection  of generators  i n tended  to  be  
operated  i n  paral le l  wi th  the  m icrogrid ,  

•  bas ic  ru les  from  I EC TC 64  and  TC 99  for safety and  qual i ty of power d istribution  
(essen tia l l y se lecti vi ty,  th rough  coord ination  of protecti ve  devices)  i n  i nsta l lations ,  

•  bas ic  ru les  from  I EC TC  77/SC  77A for e lectromagnetic  compatib i l i ty (EMC)  issues,  

•  I EC TS  62257  (a l l  parts)  wi th  respect to  rural  e l ectri fi cation ,  

•  I EC  TS  62749  wi th  respect to  power qual i ty.  

Local  l aws  and  regu lations  can  overru le  the  requ i rements  of th is  document.  

  

___________ 

1   Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC  CD  62898-2: 201 7.  
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MICROGRIDS –  
 

Part 1 :  Guidel ines  for microgrid   
projects  planning  and  speci fication  

 
 
 

1  Scope 

The  purpose  of th is  part of I EC  62898,  wh ich  i s  a  Techn ical  Speci fication ,  i s  to  provide  
gu idel i nes  for m icrogrid  projects  p lann ing  and  speci fication .  M icrogrids  cons idered  i n  th is  
document are  a l ternating  current  (AC)  e lectrical  systems wi th  l oads  and  d istribu ted  energy 
resources  (DER)  at l ow or med ium  vol tage  l evel .  Th is  document does  not cover d i rect curren t 
(DC)  m icrogrids .  

M icrogrids  are  classi fied  i n to  isolated  m icrogrids  and  non-isolated  m icrogrids.  I so lated  
m icrogrids  have  no  e lectrical  connection  to  a  wider e lectric power system .  Non-isolated  
m icrogrids  can  act as  control lable  un i ts  to  the  e lectric power system  and  can  operate  i n  the  
fol l owing  two  modes:  

•  g rid -connected  mode;  

•  i s land  mode.  

Th is  document wi l l  cover the  fol lowing  areas :  

•  m icrogrid  appl ication ,  resource  anal ysis ,  generation  forecast,  and  load  forecast;  

•  DER p lann ing  and  m icrogrid  power system  plann ing ;  

•  h igh  level  techn ical  requ irements  for DER in  m icrogrids,  for m icrogrid  connection  to  the  
d istribu tion  system ,  and  for control ,  protection  and  communication  systems;  

•  evaluation  of m icrogrid  projects.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that  some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60038,  IEC standard voltages  

I EC 60364  (a l l  parts) ,  Low voltage electrical installations 

I EC 61 936  (a l l  parts) ,  Power installations exceeding 1  kV AC 

I EC TS  62749,  Assessment of power quality -  Characteristics of electricity supplied by public 
networks  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  
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•  I EC  E lectroped ia:  avai lab le  at  h ttp: //www.electroped ia .org / 

•  I SO  On l ine  browsing  p latform :  avai lab le  at h ttp : //www. iso.org/obp  

3. 1   
black start  

start-up  of an  e lectric power system  from  a  blackou t th rough  in ternal  energy resources  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-04-24]  

3.2   
busbar 
l ow-impedance conductor to  wh ich  several  e lectric ci rcu i ts  can  be  connected  at separate  
poin ts  

Note  1  to  en try:  I n  many cases,  the  busbar consists  of a  bar.  

[SOURCE:  I EC 60050-1 51 : 2001 ,  1 51 -1 2-30]  

3.3   
converter 

device  for chang ing  one  or more  characteristics  associated  wi th  e lectric  energy 

Note  1  to  en try:  Characteri sti cs  associated  wi th  energy are  for example  vol tage,  n umber of phases  and  frequency 
i ncl ud i ng  zero  frequency.  

[SOURCE:  I EC  60050-1 51 : 2001 ,  1 51 -1 3-36,  mod i fied  – The  words  "e lectric  energy"  have  
been  removed  from  the  term ]  

3.4   
combined  heat  and  power 
CHP  
production  of heat wh ich  i s  used  for non-electrica l  purposes  and  a lso  for the  generation  of 
e lectric energy 

Note  1  to  en try:  Conventi onal  power pl an ts  em i t  the  heat  produced  as  a  useless  byproduct of the  generati on  of 
e l ectri c  energy i n to  the  envi ronment.  Wi th  combined  heat and  power,  the  excess  heat i s  captu red  for domesti c  or 
i ndustria l  h eati ng  purposes.  

[SOURCE:  I EC  60050-602: 1 983,  602-01 -24,  mod i fied  – The  abbreviated  term  "CHP"  has  been  
added ,  as  wel l  as  the  note  to  en try.  The  defin i ti on  has  been  rephrased ]  

3.5   
earth  
ground  
part of the  earth  wh ich  is  i n  e l ectric  con tact wi th  an  earth  e lectrode  and  whose  electric 
poten tia l  i s  not necessari l y equal  to  zero  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-01 -03,  mod i fied  – The  ad j ecti ve  " local "  has  been  
removed  from  the  term ]  

3.6   
earth ing  arrangement 
grounding  arrangement 
electric connections  and  devices  involved  i n  the  earth ing  of a  system ,  an  insta l lation  and  
equ ipment 

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-02-20,  mod i fied  – The  deprecated  term  has  been  
removed]  

http://www.electropedia.org/
http://www.iso.org/obp
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3.7   
earth ing  conductor 
grounding  conductor 
conductor wh ich  provides  a  conductive  path ,  or part  of the  conductive  path ,  between  a  g i ven  
poin t  i n  a  system  or i n  an  i nsta l lation  or i n  equ ipment and  an  earth  electrode  

[SOURCE:  I EC  60050-1 95: 1 998,  1 95-02-03,  mod i fied  – The  deprecated  term  has  been  
removed ]  

3.8   
electromagnetic  compatibi l i ty  
EMC 
abi l i ty of an  equ ipment or system  to  function  satisfactori l y i n  i ts  e lectromagnetic  envi ronment 
wi thout  i n troducing  in to lerable  e lectromagnetic  d is turbances  to  anyth ing  i n  that environment  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -01 -07]  

3.9   
d istributed  energy resources  
DER 
generators,  i nclud ing  l oads  having  a  generating  mode (such  as  e lectrical  energy storage  
systems),  connected  to  the  low or med ium  vol tage  network,  wi th  thei r auxi l iaries,  protection  
and  connection  equ ipment,  i f any 

3. 1 0   
d istributed  generation  
generation  of e lectric  energy by mu l tip le  sou rces  wh ich  are  connected  to  the  power 
d istribu tion  system  

[SOURCE:  I EC  60050-61 7: 2009,  61 7-04-09,  mod i fied  – The  other preferred  terms  "embedded  
generation "  and  "d ispersed  generation "  have  been  deleted ]  

3. 1 1   
d istribution  network 
electrica l  faci l i ty and  i ts  components  i nclud ing  poles,  transformers,  d i sconnects ,  relays,  
isolators ,  and  wi res  that  are  owned  or operated  by an  e lectrical  u ti l i ty for the  purpose  of 
d istribu ting  e lectrical  energy from  substations  to  customers  

Note  1  to  en try:  Usual l y,  the  d i stri bu tion  network operates  up  to  a  nom inal  vo l tage  of 35  kV.  

3. 1 2   
in -plant point  of coupl ing  
IPC  
point  on  a  network ins ide  a  system  or an  i nsta l lation ,  e lectrical l y nearest  to  a  particu lar l oad ,  
at  wh ich  other l oads  are,  or cou ld  be,  connected  

Note  1  to  en try:  The  I PC i s  usual l y the  poi n t  for wh ich  e l ectromagneti c  compatibi l i ty i s  to  be  consi dered .  

[SOURCE:  I EC 61 000-2-4: 2002,  3. 1 . 7]  

3. 1 3   
in terface  switch  
swi tch  (ci rcu i t  breaker,  swi tch  or con tactor)  i nstal l ed  i n  the  m icrogrid ,  for separati ng  the  part(s)  
of the  m icrogrid  contain ing  at  l east one  generation  un i t  from  the  d istribution  network  

3. 1 4   
in terruptible  l oad  
l oad  of particu lar consumers  wh ich ,  accord ing  to  con tract,  can  be  d isconnected  by the  suppl y 
undertaking  for a  l im i ted  period  of time  
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[SOURCE:  I EC 60050-603: 1 986,  603-04-41 ]  

3. 1 5   
is land  
part of an  e lectric power system ,  that i s  d isconnected  from  the  remainder of the  
i n terconnected  system ,  bu t remains  energ ized  

Note  1  to  en try:  An  i s l and  can  be  e i ther the  resu l t  of the  action  of au tomatic  protecti ons  or the  resu l t  of a  
del i berate  acti on .  

Note  2  to  en try:  The  generati on  and  l oads  can  be  any combi nation  of customer-owned  and  u ti l i ty-owned .  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-04-1 2 ,  mod i fied  – “ i n  an  e lectric power system”  has  
been  deleted .  The  second  note  to  en try has  been  added ]  

3. 1 6   
isolated  microgrid  
group of i n terconnected  l oads  and  d istributed  energy resources  form ing  a  l ocal  e lectric power 
system  at  d is tribu tion  vol tage  levels  not curren tl y capable  of being  connected  to  a  wider 
e lectric power system  

Note  1  to  en try:  I sol ated  m icrogrids  are  usual l y designed  for geograph ical  i s l ands  or for ru ral  e l ectri fi cation .  

Note  2  to  en try:  M icrogri d  capabl e  of bei ng  connected  to  a  wider e l ectri c  power system  i s  a l so  cal l ed  non -i sol ated  
m icrogrid .  

3. 1 7   
low vol tage  
LV 
a set of vol tage  l evels  used  for the  d istribution  of e lectrici ty and  whose upper l im i t  i s  general l y 
accepted  to  be  1  000  V for a l ternating  current  

[SOURCE:  I EC 60050-601 : 1 985,  601 -01 -26]  

3. 1 8   
load  forecast  

estimate  of the  expected  l oad  of a  network at a  g i ven  fu ture  date  

[SOURCE:  I EC 60050-603: 1 986,  603-01 -04]  

3. 1 9   
load  profi l e  
curve  representing  suppl ied  e lectric power against t ime of occurrence to  i l l ustrate  the  
variance  i n  a  l oad  during  a  g i ven  time in terval  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-04-05]  

3.20   
main  switch  
swi tch  instal led  as  close  as  poss ib le  to  the  poin t  of connection ,  for protection  against  in ternal  
fau l ts  and  d isconnection  of the  m icrogrid  from  the  d istribu tion  network  

3.21   
med ium  vol tage  
MV 

set  of vol tage  levels  l yi ng  between  l ow and  h i gh  vol tage  

Note  1  to  en try:  The  boundari es  between  med ium-  and  h i gh -vol tage  l evel s  overl ap  and  depend  on  l ocal  
ci rcumstances  and  h i story or common  usage.  Neverthel ess  the  band  30  kV to  1 00  kV frequentl y contai ns  the  
accepted  boundary.  
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[SOURCE:  I EC  60050-601 : 1 985,  601 -01 -28  – The  in formation  abou t the  use  of th is  term  has  
been  deleted ]  

3.22   
microgrid  
<electric  power system>  group  of i n terconnected  l oads  and  d istribu ted  energy resources  wi th  
defined  e lectrical  boundaries  that  acts  as  a  s i ng le  con trol l able  en ti ty and  i s  able  to  operate  in  
both  g rid -connected  and  is land  mode  

Note  1  to  en try:  Th i s  defi n i ti on  i s  i n tended  to  cover both  (u ti l i ty)  d i stri bu ti on  m icrogri ds  and  (customer owned )  
faci l i ty m icrogri ds.  

3.23   
microgrid  energy management system  

system  operating  and  control l i ng  energy resources  and  l oads  of the  m icrogrid  

3.24  
point  of connection  
POC  

reference  poin t on  the  e lectric  power system  where  the  user’s  e l ectrical  faci l i ty i s  connected  

Note  1  to  en try:  I n  th i s  d ocument,  poin t  of connection  i n d i cates  the  poin t  where  m icrog rid  i s  connected  to  the  
d i stri bu tion  network.  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-04-01 ,  mod i fied  – The  note  to  entry has  been  added ]  

3.25   
generation  forecast  

forecast  of the  expected  production  of the  DER i n  the  m icrogrid  

3.26   
power qual i ty 
characteristics  of the  electric  curren t,  vol tage  and  frequencies  at  a  g i ven  poin t  in  an  e lectric  
power system ,  evaluate  against  a  set of reference techn ical  parameters  

Note  1  to  en try:  These  parameters  m ight,  i n  some cases,  relate  to  the  compatibi l i ty between  electri ci ty suppl i ed  i n  
an  e l ectri c  power system  and  the  l oads  connected  to  that  e l ectri c  power system .  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-01 -05]  

3.27   
rel iabi l i ty 
probabi l i ty that an  e lectric  power system  can  perform  a  requ i red  function  under g i ven  
cond i tions  for a  g iven  time i n terval  

Note  1  to  en try:  Rel i abi l i ty q uan ti fi es  the  abi l i ty of an  e l ectri c  power system  to  supply adequate  e l ectri c  service  on  
a  nearl y con ti nuous  basis  wi th  few i n terrupti ons  over an  extended  period  of time.  

Note  2  to  en try:  Rel i abi l i ty i s  the  overal l  obj ecti ve  i n  e l ectri c  power system  design  and  operation .  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-01 -01 ]  

3.28   
renewable  energy 

primary energy the  source  of wh ich  is  constantl y replen ished  and  wi l l  not become depleted  

Note  1  to  en try:  Examples  of renewabl e  energy are:  wind ,  solar,  geothermal ,  hyd ropower.  

Note  2  to  en try:  Foss i l  fuel s  are  non -renewable.  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-04-1 1 ]  
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3.29   
securi ty 
abi l i ty of an  e lectric  power system  to  operate  i n  such  a  way that cred ib le  events  do  not g i ve  
rise  to  loss  of load ,  s tresses  of system  componen ts  beyond  thei r rati ngs,  bus  vol tages  or 
system  frequency ou ts ide  to lerances,  i nstabi l i ty,  vol tage  col l apse,  or cascad ing  

Note  1  to  en try:  Th i s  abi l i ty may be  measured  by one  or severa l  appropriate  i nd ices.  

Note  2  to  en try:  Th i s  concept  i s  normal l y app l i ed  to  bu l k power systems.  

Note  3  to  en try:  I n  North  America,  th i s  concept  i s  usual l y defi ned  wi th  reference  to  i nstabi l i ty,  vol tage  col l apse  
and  cascad i ng  on l y.  

[SOURCE:  I EC 60050-61 7: 2009,  61 7-01 -02]  

3.30   
switch  

device  for chang ing  the  e lectric connections  among  i ts  term inals  

[SOURCE:  I EC 60050-1 51 : 2001 ,  1 51 -1 2-22]  

3.31   
under-frequency load  shedd ing  
UFLS  
process  of de l i beratel y d isconnecting  preselected  l oads  from  a  power system  in  response to  
under-frequency cond i tion  i n  order to  main tain  the  active  power balance  of the  remainder of 
the  system  

3.32   
under-vol tage  load  shedding   
UVLS 
process  of del i berate l y d isconnecting  preselected  l oads  from  a  power system  in  response to  
under-vol tage  cond i tion  i n  order to  main tain  the  acti ve  power balance  of the  remainder of the  
system  

4 General  principles  

4.1  General  

The obj ective  of non- isolated  m icrogrids  is  to  improve  the  suppl y rel i abi l i ty and  optim ize  the  
use  of local  generation ,  wh i l e  the  primary obj ecti ve  of i solated  m icrogrids  is  to  suppl y users  in  
remote  areas  where  a  wider e lectric power system  is  not avai lable.  Accord ing l y,  i denti fication  
of the  obj ecti ve  and  customer requ i rements  is  an  essen tia l  part  of the  m icrogrid  p lann ing  and  
des ign  process.  

The  main  task of the  m icrogrid  p lann ing  and  design  i s  to  evaluate  the  l ocal  energy resources,  
and  to  determ ine  the  configuration  and  connecting  requ irements  of d istributed  energy 
resources  (DER).  As  many m icrogrids  may not be  bu i l t  from  scratch ,  when  p lann ing ,  g ri d  
p lanners  shou ld  take  i n to  consideration  the  l ocal  l oad  profi l e,  energy demand  and  existing  
power supply un i ts.  The  resu l t of the  m icrogrid  p lann ing  shou ld  be  fl exib le  enough  to  satisfy 
the  immed iate  need  a long  wi th  the  fu ture  demand  growth .  

I t  i s  necessary to  fi rst determ ine  the  appl ication  that the  system  is  i n tended  for.  The  use  case  
methodology may provide  gu idance  to  determ ine  the  optimal  des ign  of the  m icrogrid  system .  

Th is  document provides  a  procedure  for p lann ing  and  design  of a  m icrogrid ,  speci fying  the  
requ i rements  for the  m icrogrid  i n ternal  des ign  and  external  connection .  
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4.2  Prel iminary study 

Before  a  m icrogrid  i s  p lanned ,  i t  i s  recommended  to  carry ou t a  pre l im inary study to  
understand  the  l ocal  needs  and  perform  a  techn ica l  assessment,  wh ich  i ncludes  the  fol lowing :  

a)  energy resource  anal ys is,  i nclud ing  local  renewable  energy resources,  energy storage,  
fuel  sources ,  existi ng  energy supply and  i ts  d ispatchabi l i ty;  

b)  l oad  profi l e,  l oad  characteristics  i nclud ing  d ispatchabi l i ty,  and  proj ected  fu ture  demand  
growth ;  

c)  a  s i te  survey,  i ncl ud ing  l ocation ,  s i ze,  and  configuration  of reactive  power compensation ,  
vo l tage  regu lation  equ ipment,  reactors ,  transformers,  protecti ve  and  sectional izing  
equ ipment;  

d )  l ocal  d istribution  system  parameters;  

e)  provis ions  for network expansion  and  fu ture  development.  

4.3  Overal l  microgrid  plann ing  and  design  process  

Figure  1  i s  the  i l l ustration  of the  main  topics  that shou ld  be  investigated  i n  the  m icrogrid  
p lann ing  and  des ign  process.  

 

Figure 1  – Overal l  m icrogrid  plann ing  and  design  process  

IEC  
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5 Purpose and  appl ication  of microgrids  

5.1  Appl ication  classi fication  

Differen t purposes  or a  combination  may be  expected  for a  m icrogrid ,  i ncl ud ing  improved  
re l iabi l i ty,  economy,  and  d isaster preparedness.  The  fo l lowing  are  use  case  scenarios  for 
m icrogrids  (coord inated  wi th  I EC  TS  6291 3-2-1  developed  by SyC  Smart energy;  see  a lso  
Annexes  A to  D  for deta i l s).  

a)  M icrogrids  that a im  at  improving  re l iab i l i ty,  and  securing  the  energy supply for a l l  or part 
of thei r l oads  by i s l and ing :  

1 )  D istribu tion  m icrogrid ,  for example  part  of u ti l i ty gri d ,  campus,  acti vi ty zone;  

2)  Faci l i ty m icrogrid ,  for example  m icrogrids  in  a  customer instal l ation ,  a  m i l i tary base,  a  
hospi ta l .  

b)  M icrogrids  that a im  at  provid ing  power to  remote  areas  wi th  l ower cost,  for example  
isolated  m icrogrids  i n  rural  e lectri fication ,  ocean ic  i s l ands;  

c)  M icrogrids  that a im  at  reducing  energy costs  for m icrogrid  users  i n  the  grid -connected  
mode by optim izing  the  assets  such  as  energy s torage,  d ispatchable  l oads  and  generators ,  
provid ing  anci l lary services  to  the  g rid ;  

d )  M icrogrids  that a im  at provid ing  d isaster-preparedness  by optim izing  the  assets  such  as  
energy storage,  d ispatchable  l oads  and  generators.  Th is  ki nd  of m icrogrids  may be  bu i l t  i n  
natural  d isaster prone  areas,  designed  for the  zone  where  enhanced  power suppl y is  
requ i red  for some cri tical  l oads,  etc.  

At  the  p lann ing  stage,  the  m icrogrids  shal l  be  cl assi fied  i n to  "non- isolated  m icrogrids"  or 
" i so lated  m icrogrids",  cons idering  the  avai lab i l i ty of a  wider e lectric  power system ,  the  
characteristics  of the  l ocal  DER and  l oad  pattern .  The  determ in ing  factors  a lso  i nclude  
requ irements  of customers  for envi ronmental  benefi t,  power qual i ty,  re l i ab i l i ty and  economy in  
the  m icrogrid .  

The  class i fication  shou ld  be  recogn ized  as  an  essentia l  step  because  d i fferen t purposes,  and  
requ i rements  envis ioned  by m icrogrid  p lanners  wi l l  l ead  to  d i fferen t p lann ing  schemes.  
However,  both  types  of m icrogrids  shou ld  abide  by the  techn ica l  requ irements  i n  th is  
document.  

5.2  Appl ication  of non-isolated  microgrids  

The non- isolated  m icrogrid  i s  connected  to  the  d istribution  system  th rough  the  poin t  of 
connection  (POC),  and  can  operate  i n  g rid -connected  mode or i s land  mode.  Such  a  m icrogrid  
shou ld  be  equ ipped  wi th  necessary energy storage  faci l i ti es  and/or d ispatchable  generating  
un i ts.  The  non- isolated  m icrogrid  emphasizes  the  use  of local  resources,  i nclud ing  renewabl e  
energy resources,  wi th  enough  energy s torage  capaci ty that can  sustain  the  cri tical  load  for a  
predeterm ined  period  of t ime in  i s l and  mode.  

I n  the  non- isolated  m icrogrid ,  the  m icrogrid  energy management system  (EMS)  shou ld  be  able  
to  keep track of the  operation  cost  by l ocal  generation  and  prices  of energy imported  from  the  
u ti l i ty grid ,  i n  order to  reach  the  optimal  operation  objectives.  

U rban  e lectri fication  shou ld  provide  the  cri tica l  l oad  wi th  energy of a  speci fic  power qual i ty 
and  rel i abi l i ty l evel .  To  do  so,  the  non- isolated  m icrogrid  shal l  be  able  to  transfer from  one  
operation  mode to  another seam less l y and  safel y,  whi le  having  the  ab i l i ty to  suppl y the  cri tical  
l oad  i n  i s l and  mode.  Certain  equ ipment to  improve  power qual i ty and  re l i abi l i ty,  harmon ics  
fi l ters  and  reactive  power compensators  shou ld  be  i nstal led  in  the  m icrogrid .  

5.3  Appl ication  of i solated  microgrids  

The i solated  m icrogrid  i s  not connected  to  the  d istribu tion  system  and  thus  i s  permanen tl y 
operati ng  i n  i s l and  mode.  Such  a  m icrogrid  i s  main l y used  i n  areas  remote  from  a  wider 
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e lectric power system .  The  isolated  m icrogrid  a ims  at con tinuous  and  re l i ab le  energy suppl y 
wi th  or wi thout sufficient renewable  energy.  Therefore,  such  a  m icrogrid  shou ld  contain  
sufficien t energy storage  capaci ty and  d ispatchable  DER.  

The  i solated  m icrogrid  shal l  keep the  power balance  by manag ing  generators,  energy storage  
system  as  wel l  as  demand  response.  

The  m icrogrid  p lanners  shou ld  make the  econom ic decis ion  between  i nstal l ing  large  electric  
energy storage  versus  paying  for period ic del i very of fuel .  

Scalabi l i ty of i solated  m icrogrids  shou ld  be  envisaged  from  the  beg inn ing ,  through  
en largement of the  m icrogrid  and/or connectivi ty of m icrogrids .  

6 Resource analysis  and  generation  forecast 

6.1  Resource  analysis  

6. 1 . 1  General  

The proper understand ing  of the  generation  potentia l  and  other characteristic  of the  l ocal  
energy resources  is  the  fi rst step  in  m icrogrid  p lann ing .  The  resource  anal ys is  shou ld  be  
carried  ou t by fi rst  cons idering  the  non-d ispatchable  resources  and  then  d ispatchable  
resources.  The  non-d ispatchable  resources  are  mostl y renewable  energy,  incl ud ing  solar  
energy and  wind  energy;  d ispatchable  resources  i nclude  b iomass,  combined  heat  and  power 
(CHP),  combustion  un i t,  storage,  etc.  During  the  pre l im inary study stage,  h istorical  
meteorolog ical  data,  geograph ica l  features,  and  avai l abi l i ty of construction  s i te  shou ld  be  
col l ected .  Modern  s i te  assessment techn iques  shou ld  a lso  be  u ti l i zed  to  pred ict  the  possible  
energy generation  poten tial .  

6.1 .2  Non-d ispatchable  resource  analysis  

6. 1 . 2 .1  Solar energy resource  analysis  

Solar energy resources  shou ld  be  assessed  based  on  mon th l y and  yearl y solar rad iation  and  
sunsh ine  i n tens i ty data,  combined  wi th  the  reg ional  cl imate  cond i ti ons,  annual  change 
patterns  of solar rad iation  and  sunsh ine  in tens i ty.  I nd ices  used  i n  the  solar evaluation  shou ld  
i nd icate  richness  and  cons istency of solar energy.  

For photovol ta ic generation ,  the  tota l  solar rad iation  shou ld  be  taken  as  an  i ndex to  assess  
the  richness  of so lar energy resources.  For solar-thermal  power generation ,  d i rect rad iation  
perpend icu lar to  the  incident l i ght of the  sun  shou ld  be  taken  as  an  i ndex to  assess  the  
richness  of solar energy resources.  

The  anal ysis  and  design  of solar energy resources  and  photovol ta ic generating  un i ts  shou ld  
ab ide  by the  requ irements  of I EC  60904  (a l l  parts) .  

6. 1 .2 .2  Wind  resource  analysis  

Wind  energy resources  shou ld  be  assessed  at  possib le  wind  turbine  i nstal lation  s i tes  based  
on  month l y and  yearl y wind  data,  combined  wi th  wind  power dens i ty,  wind  speed ,  wind  
d i rection ,  fl uctuation  of wind  speed ,  wind  turbu lence  i n tens i ty and  other meteorolog ica l  factors .  

6.1 .2 .3  Other non-d ispatchable  resource  analysis  

Other non-d ispatchable  resources,  such  as  ti dal  energy and  wave energy,  shou ld  be  
assessed  based  on  re lated  standards  and  procedure .  
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6.1 .2 .4  Selection  of non-dispatchable  energy un i ts  

Non-d ispatchable  energy un i ts  shou ld  be  se lected  accord ing  to  the  l ocal  natural  envi ronment,  
eng ineering  geolog ica l  cond i ti ons,  s i te  u ti l i zation  cond i ti on ,  equ ipment  avai l ab i l i ty and  other 
factors ,  on  the  bas is  of technology advancement and  operation  re l i abi l i ty.  The  maximum  
avai l able  capaci ty of non-d ispatchable  energy power generation  shou ld  be  ca lcu lated .  

6. 1 .3  Dispatchable  resource analysis  

For d ispatchable  renewable  energy (e. g .  b iomass,  h ydro  and  geothermal ) ,  the  anal ys is  i s  
s im i l ar to  that of non-d ispatchable  energy.  For example,  to  use  b iomass  DER,  m icrogrid  
p lanners  shou ld  evaluate  the  amoun t of the  raw materia l  avai l able  on  a  da i l y,  month l y,  and  
yearl y bas is .  I n  the  thermal  d ispatchable  DER p lann ing ,  avai labi l i ty of raw material ,  fuel  cost,  
transportation  cost,  and  envi ronmental  impact shou ld  be  assessed .  

6.2  Generation  forecast  

6. 2. 1  General  

Forecasting  of the  DER generation  is  the  bas is  of m icrogrid  p lann ing  and  operation .  W i th  
h istorical  meteorolog ical  data  and  numerical  weather pred iction  as  input,  generation  forecast 
models  can  yie l d  generation  forecasts  i n  d i fferent timescale.  

NOTE  Generation  forecast  can  be  general l y cl assi fi ed  i n to  u l tra-short  term  ( i n  seconds  to  a  few m inu tes),  short-
term  ( i n  hou rs,  up  to  72  hou rs  ahead)  and  l ong  term  ( i n  d ays,  weeks,  and  years  ahead).  The  exact d efi n i ti on  of 
d i fferen t timescale  i s  up  to  the  forecast  service  provi ders,  m icrog rid  p l anners  and  operators  to  decide.  

I n formation  to  be  col lected  shou ld  i nclude,  bu t  not be  l im i ted  to  the  fo l l owing :  

a)  scope  of the  generator insta l lation  reg ion ,  i nsta l led  capaci ty,  generator type,  inverter type;  

b)  s i ze  and  the  number of generators ;  

c)  characteristics  curve  of generators ,  etc. ;  

d )  l ong i tude,  l ati tude,  a l ti tude  and  insta l l ation  l ocation  of the  meteorolog ical  s tation .  

H istorica l  mon i toring  i n formation  to  be  col lected  shou ld  i nclude,  bu t not be  l im i ted  to  the  
fol lowing :  

e)  hori zon tal  rad iation ,  d i rect  rad iation ,  d i ffused  rad iation ,  ambien t temperature,  relative  
hum id i ty,  barometric pressure,  wind  speed  and  d i rection ;  

f)  ou tpu t power of generators,  working  cond i ti ons  of the  i nverters,  and  the  record  of 
generator fau l ts .  

Weather pred iction  data  to  be  col lected  general l y i nclude  the  fol l owing :  

g )  d i rect horizon tal  solar rad iation ,  d i ffuse  horizon ta l  solar rad iation ,  d i rect so lar rad iation  
perpend icu lar to  the  inciden t l i gh t;  

h )  wind  veloci ty， wind  d i rection ,  temperature,  re lati ve  hum id i ty,  a i r pressure,  cloud  th ickness,  

and  precipi tation .  

6.2.2  Techn ical  requ i rements  

More  than  one  generation  forecasting  schemes  shou ld  be  pu t  forward .  The  scheme wi th  the  
best fi t  shou ld  be  selected  to  forecast power generation .  

I n  data  processing ,  e l im ination  of i nconsistent data  shou ld  be  a l lowed .  Forecasting  error of 
the  forecast curve  shou ld  be  estimated ,  and  an  error range  for a  g i ven  confidence l evel  
shou ld  be  provided .  
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6.2.3  Data processing  

6.2.3.1  Data feasibi l i ty test  

Data  feasib i l i ty test  shou ld  i nclude  the  fol l owing :  

a)  test of power generation  forecast  and  measurement systems wi th  respective  confidence  
l evel  – the  confidence  l evel  may be  manual l y set;  

b)  test of change  rate  of power generation ,  the  l im i t  of wh ich  may be  reset;  

c)  test of mean  and  standard  deviation  of power;  

d )  correlation  test between  previous  forecasted  data  and  rea l  power ou tput.  

6.2.3.2  M issing  or bad  data  

Consideration  shou ld  be  g iven  to  m iss ing  or bad  data.  For example,  m issing  or bad  data  
shou ld  be  processed  in  the  fol lowing  ways:  

a)  replaced  by the  l atest power measurement data;  

b)  replaced  by the  i nstal led  capaci ty of the  generating  un i t;  

c)  data  l ess  than  zero  replaced  by zero;  

d )  m issing  or bad  data  can  be  reset manual l y;  after correction ,  these  data  shou ld  be  marked .  

7 Load  forecast 

7. 1  General  

Load  forecast,  i ncl ud ing  energy demand  forecast and  power demand  forecast,  l ays  the  
foundation  for m icrogrid  p lann ing  and  energy schedu l i ng  acti vi ti es,  such  as  generation  
schedu l i ng ,  fuel  purchasing  schedu l i ng ,  main tenance  schedu l i ng  and  investment schedu l i ng .  

Load  forecast i s  based  on  the  assessment of the  l ocal  load  data,  h is tory of i n frastructure  
construction  and  i ndustry development,  e tc.  I n  add i tion ,  socia l ,  environmental  and  econom ic 
factors  re lated  wi th  l oad  variation  shou ld  be  i nvestigated .  

The  requ i red  data  for load  forecast  are  the  fol lowing :  

a)  demograph ica l  and  geograph ical  data ;  

b)  econom ic,  social  and  meteorolog ical  data;  

c)  i n formation  on  e lectric power and  energy balancing ;  

d )  peak l oad ,  typica l  da i l y l oad  profi l e ;  

e)  h istorical  energy consumption ,  l oad ,  capaci ty of con tract by l arge  customers;  

f)  development projects  underway i n  the  area;  

g )  poten tia l  l oad  shedd ing  capaci ty;  

h )  anal ys is  of changes  in  l oad  characteristics  and  the  i n fl uence  of DER i n tegration  on  l oad  
forecast.  

The  expected  l oad  growth  shou ld  be  considered  and  evaluated  i n  the  system  plann ing  
annual l y.  

7.2  Load  analysis  

For a  non- isolated  m icrogrid  i n  g rid -connected  mode,  i f the  generation  wi th in  the  m icrogrid  i s  
l ower than  demand ,  el ectrici ty can  be  purchased  from  the  d istribu tion  system  and  transm i tted  
through  the  POC;  for a  non- isolated  m icrogrid  i n  i s l and  mode,  and  for an  i so lated  m icrogrid ,  
the  demand-suppl y ba lance  shou ld  be  ach ieved  by DER ou tpu t,  load  priori ty,  con trol lable  load  
as  wel l  as  demand  response.  
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I t  wi l l  be  cri tica l  to  understand  the  priori ty of various  loads  and  to  d is tingu ish  cri tica l  l oad  and  
load  that can  be  curta i l ed  or shed .  One  common  response i n  times  of constrained  suppl y is  to  
shed  l ow-priori ty l oads  i n  order to  main tain  suppl y to  the  cri tical  l oad .  Low-priori ty l oad  can  
a lso  participate  i n  demand  response  where  a  faci l i ty owner i s  paid  to  shed  loads  at  t imes  of 
peak system  demand .  Demand  s i de  management can  participate  i n  the  balance  of energy and  
act  as  spinn ing  reserve.  Such  service  shou ld  be  designed  to  be  fu l l y responsive  and  
nond isruptive.  P l ug- in  e lectric  veh icles  and  thermostatica l l y con trol led  l oads,  such  as  
refrigerators,  a i r cond i tioners,  and  e lectric  water heaters,  are  examples  of con trol l able  loads  
where  energy balancing  does  not in terfere  much  wi th  the ir end-use  functions.  

7.3  Classification  of load  forecast  

Load  forecast  i s  d ivided  i n to  l ong  term ,  med ium  term  and  short term  forecast.  

NOTE  Long  term  forecast starts  from  1  year and  above.  Med ium  term  forecast i s  from  months  to  1  year.  Short  
term  forecast covers  hourl y,  d a i l y,  weekl y forecast.  The  exact defi n i ti on  of d i fferen t t imescale  i s  up  to  the  forecast  
service  providers,  m icrogrid  p l anners  and  operators  to  decide .  

Long/med ium  term  forecast i s  primari l y i n tended  for capaci ty expansion ,  capi ta l  i nvestment,  
revenue  anal ys is  and  corporate  budgeting .  Long-term  energy sa les,  tota l  energy and  peak 
l oad  demand  forecast are  several  of the  cri tical  i tems  for m icrogrid  p lanners  to  make  effective  
resource  p lann ing  decis ions.  

The  bas ic quan ti ty of i n terest i n  short  term  load  forecast (STLF)  i s ,  typ ical l y,  the  hourl y total  
system  load .  The  primary appl ication  of the  STLF  i s  to  ass ist the  schedu l i ng  functions  to  
determ ine  the  most econom ical  commitment of DER cons isten tl y wi th  re l i ab i l i ty requ i rements ,  
operational  constra in ts  and  phys ical ,  environmental ,  and  equ ipment l im i tations.  I n  add i tion  to  
the  forecast of the  hourl y values  of the  system  load ,  STLF  i s  a lso  concerned  wi th  the  
forecasting  of the  fol lowing :  

a)  da i l y peak system  load ;  

b)  va lues  of system  l oad  at  certa in  time of the  day;  

c)  hourl y or ha l f-hourl y values  of system  l oad ;  

d )  da i l y and  weekl y system  energy.  

I f h istorical  measurement data  are  not  avai l able,  l oad  forecast can  be  used  i nstead .  

7.4  Techn ical  requ i rements  

I n  order to  improve forecasting  precis ion ,  the  forecasting  resu l ts  can  be  cross  checked  wi th  
the  resu l ts  i n  areas  domestic and  abroad  wi th  s im i lar s i ze  and  features .  Besides,  the  p lann ing  
of a  m icrogrid  shal l  l eave  enough  marg in  for fu ture  expansion .  

I t  i s  recommended  that  l oad  forecast  shou ld  be  pu t forward  us ing  two  or more  methods  and  
cross  checked  wi th  each  other.  After forecasts  for h igh ,  med ium  and  low l oad  schemes  are  
carried  ou t,  a  recommended  forecast resu l t shou ld  be  g i ven  for m icrogrid  p lann ing .  

I nconsisten t  data  i n  h is torical  l oad  power and  energy records  shou ld  be  d iscarded  or replaced  
i n  a  l og ical  manner.  

For l oad  forecast,  the  energy demand  shou ld  be  evaluated  fi rst  and  then  power demand .  
Usual l y,  the  energy demand  forecast  for one  year i s  s tud ied .  After that,  the  expected  
maximum  power demand  i s  ca lcu lated  based  on  the  u ti l i zation  hours  per year.  I t  i s  a lso  
poss ib le  to  estimate  loads  of d i fferent  times  accord ing  to  typ ical  l oad  profi l es.  
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8 Distributed  energy resource planning  

8. 1  Ratio  of renewable  energy 

The ratio  of renewable  energy i n  a  m icrogrid  i s  determ ined  by the  purpose  of the  m icrogrid ,  
avai l abi l i ty of l ocal  renewable  resources,  evaluation  of i nvestment and  economy cons ideration ,  
as  wel l  as  the  construction  cond i ti on .  

NOTE  Rati o  of renewable  energy i nd icates  the  ratio  of the  i nstal l ed  capaci ty of renewable  energy to  the  tota l  
i nstal l ed  capaci ty i n  the  m icrog rid .  

8.2  Renewable  generation  configuration  

After the  ratio  of renewable  energy is  determ ined ,  the  types  and  capaci ty of the  d istribu ted  
generation  sources  are  determ ined  on  the  basis  of econom ic anal ys is  and  re l i abi l i ty anal ys is .  

8.3  Energy storage  

Microgrids  may i nsta l l  energy storage  to  m i tigate  the  volati l i ty of renewable  energy and  
fluctuati ng  l oad  pattern ,  provide  load  management,  improve m icrogrid  re l i ab i l i ty,  and  suppl y 
demand  in  i solated  m icrogrids  and  is l and  mode  of non- isolated  m icrogrids.  Energy storage  

may be  i n  the  form  of e l ectrochem ical  s torage  systems,  mechan ical  energy storage,  chemical  
energy storage ,  e l ectromagnetic  energy s torage ,  thermal  storage,  etc .  The  types,  energy 
capaci ty and  i nsta l led  power of energy s torage  systems  shou ld  be  determ ined  based  on  the  
re l i abi l i ty requ irements,  power qual i ty requ i rements,  and  avai lable  i nvestment of the  m icrogrid .  
A spectra l  anal ys is  of fl uctuati ng  l oad  patterns  and  renewable  energy resources  for e l ectrici ty 
i s  a lso  he lpfu l  to  assess  the  amoun t of storage  needed .  

NOTE  I n  TC  1 20,  s tandards  related  to  e l ectri cal  energy storage  system  are  currentl y  being  developed ,  wh ich  are  
expected  to  be  helpfu l  for d imension i ng  the  storage  s i ze  i n  a  m icrogrid .  

8.4  Electric power and  energy balancing  

Microgrid  p lanners  shou ld  ensure  the  ba lance  of generation  and  consumption  in  a l l  poss ib le  
un i t commitment schemes.  

The  anal ys is  of e l ectric  power and  energy balancing  shou ld  be  carried  ou t period ica l l y and  
reviewed  annual l y.  The  i n fl uence of renewable  energy,  e lectric veh icles,  and  storage  devices  
shou ld  a lso  be  counted .  

The  m icrogrid  shou ld  be  able  to  regu late  vol tage,  especia l l y i n  i s land  mode  for secure  
operation .  Accord ing l y,  reactive  power balance  shou ld  a lso  be  maintained  i n  the  m icrogrid .  

E lectric  power and  energy balancing  shou ld  fi rst be  carried  ou t  us ing  l oad  forecast and  
maximum  capaci ty of renewable  energy.  Then  the  amoun t of non-renewable  generation  (e. g .  
d iesel  generators,  natu ral  gas  eng ines,  m icro  tu rbine,  s torage)  can  be  determ ined .  

E lectric power and  energy ba lancing  i s  a  prerequ is i te  for i solated  m icrogrids,  bu t may not be  
so  for non- isolated  m icrogrids .  

8.5  Dispatchable  generation  configuration  

Accord ing  to  the  resu l t  of e lectric  power and  energy balancing ,  the  fi na l  d ispatchable  
generation  configuration  i s  establ ished  wh i l e  cons idering  the  uncertain ty of renewable  energy.  
The  fi na l  decis ion  a ims  at maxim izing  re l iabi l i ty and  economy.  

With  the  cri teria  of re l iabi l i ty,  cost efficiency,  avai l able  construction  s i te ,  foss i l  fuel  
transportation ,  and  con trol lable  load ,  the  types  and  capaci ty of d ispatchable  generation  un i ts  
can  be  decided .  
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9  M icrogrid  power system  planning  

9. 1  Vol tage  l evel  

Vol tage  l evels  wi th in  the  m icrogrid  shal l  be  chosen  accord ing  to  I EC  60038.  

A non- isolated  m icrogrid  shou ld  be  des igned  at  a  vo l tage  l evel  to  ach ieve  the  optimal  power 
exchange wi th  the  d istribution  system .  The  maximum  power exchange i n  each  d i rection  at  the  
POC is  speci fied  by the  re levant  network operator.  

9.2  Typical  topology of a  m icrogrid  

9.2. 1  Typical  topology for a  non-isolated  m icrogrid  

9.2. 1 . 1  Single  bus  structure  

The  s i ng le  bus  topology shown  i n  F igure  2  can  be  used  for both  a  l ow vol tage  and  a  med ium  
vol tage  network.  

 

Figure 2  – S ing le  bus  structure  m icrogrid  

9.2. 1 .2  Mu l tiple  bus  structure  

The  mu l tip le  bus  topology shown  i n  F igure  3  can  be  used  for a  m icrogrid  that a ims  at h i gh  
re l i abi l i ty on  a  l arge  ocean ic is land  or an  u rban  communi ty.  

IEC  
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Figure 3  – Mu l tiple  bus  structure  m icrogrid  

9.2. 1 .3  Mu l ti level  structure  

The  mu l ti l evel  topology shown  i n  F igure  4  i s  main l y used  for l arge-scale  m icrogrid  wi th  
d ispersed  DER.  

 

Figure 4  – Mu l ti l evel  structure microgrid  

IEC  
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9.2.2  Typical  topology for an  isolated  microgrid  

The  typical  topology for an  i so lated  m icrogrid  (see  F igu re  5)  i s  s im i lar to  that of a  non- isolated  
m icrogrid  wi thou t POC.  

 

Figure  5  – Typical  topology for an  i solated  m icrogrid  

9.3  Electrical  parameter calcu lations  

Electrical  parameter ca lcu lation  that shou ld  be  carried  ou t i ncludes:  

a)  power fl ow:  power flow ca lcu lation  of typ ical  operation  modes;  

b)  short-ci rcu i t  current  calcu lation :  three  phases  and  s ing le  phase  short  ci rcu i t  curren t  
calcu lation ;  

c)  stabi l i ty calcu lation  as  requ i red  case  by case;  

d )  fau l t  ride  through  capabi l i ty veri fication  by numerical  s imu lation  or theoretica l  anal ys is .  

1 0  Technical  requirements  for DER in  microgrids  

1 0. 1  General  

Clause  1 0  i n tends  to  provide  the  basel i ne  techn ica l  requ i rements  for DER i n  m icrogrids.  The  
princip les  and  techn ica l  requ i rements  for DER connected  to  the  d istribu tion  system  have  been  
speci fied  i n  I EC TS  62786,  and  the  conten t  wi th in  i t  appl i es  to  DER i n  m icrogrids  i n  gri d -
connected  mode.  Speci fic DER requ irements  from  a  perspective  of overal l  m icrogrid  
management i n  d i fferen t m icrogrid  operation  modes  are  g iven  in  I EC  TS  62898-2.  D i fferen t 
coun tries  may a lso  have  l ocal  or national  g rid  codes  or other requ i rements  for DER.  

DER in  m icrogrids  can  be  synchronous  generators,  asynchronous  generators,  or converter-
based  generators .  Synchronous  generators  can  be  d i rectl y coupled  to  a  m icrogrid ,  they have  
rotati ng  i nertia  and  usual l y work i n  the  d roop  mode.  

The  usual  con trol  methods  for converter-based  DER are  the  control  of i n j ected  acti ve  and  
reactive  power,  the  con trol  of vo l tage  and  frequency and  d roop  mode  (P-f,  Q-V).  

Accord ing  to  I EC TS  62786,  the  common  functions  of DER control  i nclude  the  fol lowing :  

a)  vol tage  and  frequency control  capabi l i ti es;  

b)  acti ve  and  reactive  power output  regu lation ;  

c)  d isconnection  and  reconnection  to  the  m icrogrid ;  

IEC  
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d )  immun i ty to  frequency change;  

e)  fau l t  ride  through  capabi l i ty.  

DER i n  m icrogrids  shou ld  adapt to  poss ible  s tri ngen t operation  envi ronment i n  i solated  
m icrogrids,  i n  i s land  mode and /or during  m icrogrid  mode  transferring .  

1 0.2  Techn ical  requ i rements  for DER in  g rid -connected  mode  

When  the  m icrogrid  i s  i n  gri d -connected  mode,  m icrogrid  frequency and  vol tage  can  be  
regu lated  by the  connected  d istribu tion  system .  I n  add i ti on  to  l ocal  or reg ional  grid  codes,  
DER shou ld  comply wi th  re levant techn ical  requ irements  i n  I EC  TS  62786.  

1 0.3  Techn ical  requ irements  for DER in  i solated  m icrogrids  and  i sland  mode of non-
isolated  microgrids  

I n  i solated  m icrogrids  and  the  is l and  mode of non-isolated  m icrogrids ,  m icrogrids  shal l  be  sel f-
susta ined  e i ther for a  l im i ted  duration  or permanentl y.  Load  in  these  operation  modes  is  
satisfied  solel y by DER and  l oad  management,  and  the  s izing  of DER shou ld  be  large  enough  
to  ensure  the  normal  operation  of predeterm ined  cri t ical  l oads.  

Withou t support from  the  connected  d istribu tion  system ,  m icrogrids  i n  these  modes  m igh t 
experience  a  degradation  of power qual i ty.  The  DER protective  setti ng  may be  re laxed  by 
m icrogrid  operators  in  order to  provide  stable  power suppl y.  

I n  these  operation  modes,  there  shal l  be  at  l east one  (or one  group  of)  con trol lab le  DER to  
provide  frequency and  vol tage  reference.  

For the  i s land  mode of non- isolated  m icrogrids ,  the  m icrogrid  shal l  mon i tor the  vol tage,  
frequency and  phase  ang le  of the  d istribu tion  system .  When  the  vol tage  and  frequency of the  
d istribu tion  system  are  normal ,  the  m icrogrid  i s  a l lowed  to  transfer to  gri d -connected  mode.  
Synchron ization  control  shal l  be  adopted  for the  transi tion  from  is land  mode  to  grid -
connection  mode.  

1 1  Technical  requirements  for d istribution  l ines  in  microgrids  

Selection  and  erection  of d is tribu tion  l i nes  i n  a  m icrogrid  shal l  comply wi th  
I EC 60364  (a l l  parts) ,  I EC 61 936  (a l l  parts)  or l ocal  ru les  for publ ic  d is tribu tion  systems.  

1 2  Technical  requirements  for microgrid  connection  to  d istribution  networks  

1 2. 1  General  

Clause  1 2  appl ies  to  non- isolated  m icrogrids.  Connection  of the  m icrogrid  to  the  d istribution  
network shou ld  not risk the  safe  and  re l i ab le  operation  of the  d istribu tion  network.  After the  
m icrogrid  i s  connected ,  the  power qual i ty at  the  POC shou ld  meet the  speci fic  requ irements  
by I EC  standards.  

1 2.2  In terface  protection  

The main  swi tch  at the  POC shal l  be  eas i l y operated  manual l y or au tomatica l l y and  shou ld  be  
able  to  l atch .  At  the  POC,  an  in terface  swi tch  wi th  visual  breakpoint  a lso  shal l  be  i nsta l l ed .  

I n terface  devices  shou ld  meet the  correspond ing  e lectric equ ipment vol tage  wi thstand ing  l evel .  

The  breaking  capaci ty of main  swi tch  at  POC shou ld  be  determ ined  by the  l arger one  of the  
two values:  maximum  short  ci rcu i t curren t at POC,  when  the  m icrogrid  i s  i n  i s l and  mode or 
maximum  short ci rcu i t  cu rrent  of the  d is tribu tion  network at  POC.  

http://dict.youdao.com/w/maximum/
http://dict.youdao.com/w/short/
http://dict.youdao.com/w/circuit/
http://dict.youdao.com/w/current/
http://dict.youdao.com/w/maximum/
http://dict.youdao.com/w/short/
http://dict.youdao.com/w/circuit/
http://dict.youdao.com/w/current/
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1 2.3  M icrogrid  earth ing  

1 2 .3. 1  General  

The choice  of the  m icrogrid  earth ing  strong l y i n fl uences  the  re l i ab i l i ty of the  m icrogrid  
operation  and  the  safety of persons,  l i vestock and  property.  1 2 . 3  i n tends  to  provide  the  bas ic 
gu idel i nes  for earth ing  arrangement design  i n  non- isolated  m icrogrids.  The  earth ing  
arrangement for i solated  m icrogrid  may be  designed  accord ing  to  l ocal  requ i rements  ( i f any) ,  
and  I EC  TS  62257-5.  

1 2 .3.2  Techn ical  requ irements  for m icrogrid  earth ing  

I n  the  earth ing  arrangement,  the  choice  of earth ing  conductors  shou ld  be  made  based  on  the  
mechan ical  s trength ,  thermal  stabi l i ty and  an ti -corros ive  property of the  conductor materia ls .  

The  earth ing  of DER,  transformers  and  other e lectrical  i nsta l lation  i n  m icrogrids  shal l  be  
compatib le  wi th  the  earth ing  system  of the  d istribu tion  network that the  m icrogrid  i s  connected  
to .  The  safe  operation  shou ld  be  ensured  in  gri d -connected  mode,  i s land  mode and  during  
mode transferring .  

I n  m icrogrid  e lectrical  i nsta l lation ,  exposed  conductive  parts  i n  m icrogrid  e lectrica l  
i nsta l l ations  shal l  be  connected  to  a  protective  conductor under the  speci fic cond i tions  for 
each  type  of system  earth ing .  S imu l taneousl y access ib le  exposed-conductive-parts  shal l  be  
connected  to  the  same earth ing  system  ind ividual l y,  i n  g roups  or col l ecti vely.  

I n  med ium-vol tage  m icrogrids  (nom inal  vol tage  above  1  kV AC),  the  earth ing  system  of the  
m icrogrid  shou ld  a lso  abide  by requ irements  i n  I EC 61 936  (a l l  parts) .  

I n  low vol tage  m icrogrids  (nom inal  vol tage  at  or below 1  kV AC),  the  earth ing  system  of the  
m icrogrid  shou ld  a lso  ab ide  by the  requ irement i n  I EC 60364  (a l l  parts) .  

Important parts  of the  m icrogrid  i nsta l lations,  such  as  DER swi tchgears,  conductors,  busbar 
systems,  incl ud ing  safety warn ings  and  instructions  shou ld  be  clearl y and  durabl y l abel led .  

1 2.4  Power qual i ty at  POC  

1 2.4. 1  General  

The power qual i ty parameters  are  used  to  demonstrate  re l iab le  operation  of m icrogrids  and  
shou ld  not be  ou ts ide  the  a l l owed  operati ng  range  for a l l  components  i n  the  m icrogrid .  

Power qual i ty l evels  shal l  be  speci fied  i n  accordance  wi th  the  business  use  case  speci fied  i n  
Clause  5.  

For a  non- isolated  m icrogrid ,  un less  otherwise  speci fied ,  the  power qual i ty l evels  at i n -plan t 
poin t  of coupl i ng  ( I PC)  shal l  be  the  same in  grid -connected  and  i s land  mode.  

When  a  m icrogrid  i s  connected  to  a  d is tribu tion  system ,  i t  shal l  not cause  unacceptable  
d isturbances  to  the  other system  users .  

The  m icrogrid  sha l l  para l lel  wi th  the  d is tribu tion  system  wi thou t causing  a  vol tage  fluctuation  
at  the  d is tribution  system  or resu l ting  i n  fl icker and  rapid  vol tage  changes  greater than  the  
ranges  defined  i n  the  I EC  TS  62749.  

1 2.4.2  Power qual i ty monitoring  

Non-isolated  m icrogrids  shou ld  support to  mon i tor power qual i ty parameters  at the  POC,  i f 
needed .  
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1 3  Technical  requirements  for control ,  protection  and  communication  systems  

1 3. 1  M icrogrid  control  

1 3. 1 . 1  General  

The function  of the  control  system  i n  m icrogrids  shou ld  i nclude  power balance,  demand  s ide  
management and  econom ic d ispatch .  The  optimal  operation  is  ach ieved  by anal yzing  DER 
types,  energy cost,  u n i t main tenance schedu le,  and  environmenta l  impacts.  The  non -isolated  
m icrogrid  shou ld  be  ab le  to  transfer from  grid -connected  mode to  i s land  mode smooth l y.  
There  shou ld  also  exist  emergency p lans  to  prevent  fl uctuation  and  con tingency i nside  the  
m icrogrid  from  affecti ng  the  d istribution  system .  The  non- isolated  m icrogrid  shou ld  be  able  to  
exchange  i n formation  wi th  the  d is tribution  system  wh ich  i t  connects  to.  

1 3. 1 . 2  Control  scheme 

The  control  scheme  of a  m icrogrid  shou ld  be  cons isten t  wi th  i ts  p l anned  operation .  Usual l y,  
two kinds  of control  schemes  are  used  i n  a  m icrogrid .  

1 )  Central i zed  con trol :  th is  kind  of control  i s  performed  by a  s i ng le  cen tra l  con trol l er,  wh ich  
requ i res  an  extens ive  communication  system  between  the  central  control l er and  con trol l ed  
un i ts.  Al l  con trol  decis ions  and  s ignals  are  made by the  cen tra l  con trol l er.  Under 
cen tral i zed  con trol ,  one  (or a  group of)  master DER can  act as  a  synchronous  generator 
wi th  ad j ustable  capaci ty for vol tage  and  frequency regu lation .  

2)  Decentral i zed  control :  th i s  kind  of con trol  i s  accompl ished  by the  l ocal  control ler at  each  
i nd ividual  con trol l ab le  un i t,  wh ich  on l y receives  i n formation  from  l ocal l y measured  data,  
such  as  system  parameters  (e. g .  vo l tage  and  frequency),  and  uses  the  pri ncip le  of sel f-
regu lation .  

A h ierarch ical  control  scheme that  combines  the  cen tral i zed  and  decentral i zed  control  can  be  
used  accord ing  to  the  s i ze  of the  m icrogrid .  

1 3.2  Protection  relays  and  automatic protection  devices  

1 3.2. 1  General  

Protection  systems in  m icrogrids  may be  d i fferen t from  that i n  trad i ti onal  d i stribution  systems,  
as  the  contribu tion  of fau l t  currents  from  the  d istribu tion  transformer i s  lacking .  I n  the  case  of 
DER on l y cons isti ng  of the  converter-based  type  and  not of synchronous  mach ines,  a  fau l t  
curren t  calcu lation  needs  to  be  done  to  determ ine  i f protection  setti ngs  trigger  or not  (a lso  see  
IEC 62040-1 ).  

I n  non- isolated  m icrogrids,  the  fau l t  curren t d i ffers  between  the  g ri d -connected  mode and  the  
is land  mode.  I n  the  grid -connected  mode,  the  fau l t  curren t i s  l arger because  i t  i s  contributed  
both  from  the  d istribution  system  and  the  DER i n  m icrogrid ;  i n  i s land  mode,  the  fau l t  cu rrent i s  
on l y produced  by DER.  Whi le  the  ou tpu t  current  of converter-based  DER is  usual l y confined  
to  1 , 5  to  2  t imes  rated  cu rrent,  i n  th is  way the  fau l t curren t i s  much  smal ler.  The  two operati ng  
modes  shou ld  have  d i fferen t re lay settings.  

Connection  of the  m icrogrid  to  the  d istribu tion  system  shal l  not  i n terfere  wi th  the  safe,  secure  
and  re l i able  operation  of the  connected  d istribu tion  system .  When  the  protection  for m icrogrid  
POC to  d istribution  system  is  be ing  des igned ,  the  envis ioned  protection  schemes  shou ld  be  
coord inated  wi th  the  existi ng  protections  in  the  d is tribution  system .  The  non -isolated  m icrogrid  
can  e i ther act as  l oad  or energy resource,  so  when  the  m icrogrid  i s  connected  through  
ded icated  l i ne  to  the  d istribu tion  system ,  protection  of the  ded icated  connection  l i ne  shou ld  be  
set  accord ing  to  the  princip le  of b i l ateral  power protection  configuration .  I f the  m icrogrid  i s  
connected  by T  connection  to  the  d istribu tion  system ,  m icrogrids  shou ld  be  equ ipped  wi th  
d i rectional  curren t protection ;  for the  m icrogrid  that i s  d i rectl y connected  to  a  l ow vol tage  bus,  
the  m icrogrid  shou ld  be  equ ipped  wi th  over-curren t protection  system .  
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1 3.2.2  DER component protection  

I n  m icrogrids,  the  transformers  and  rotating  d istribu ted  generators  shou ld  be  equ ipped  wi th  
re l iable  protection  devices.  DER protection  shou ld  be  able  to  detect short-ci rcu i t fau l t  
( i nclud ing  s ing le-phase  g round  fau l t)  on  the  d is tribu tion  system  and  s tator phase  fai l u re,  and  
cu t the  DER off fast  enough  under these  cond i ti ons.  

DER shou ld  a lso  be  equ ipped  wi th  under-vol tage  and  over-vol tage  protection  to  ensure  the  
safety of operating  s taff as  wel l  as  the  devices.  

1 3.2.3  Component protection  for al l  users  in  a  microgrid  

Al l  equ ipment that may be  connected  to  a  m icrogrid  i n  the  gri d -connected  and  is l and  mode  
shal l  be  fi tted  wi th  protection  that wi l l  operate  at  the  fau l t l evels  of both  modes,  wh ich  are  
expected  to  be  s i gn i ficantl y d i fferent.  Th is  shou ld  requ i re  re lays  wi th  at  l east  two  swi tchable  
protection  setti ngs.  

1 3.2.4  Load  shedding  in  a  m icrogrid  

Under-frequency as  wel l  as  under-vol tage  vol tage  protection  for i n terruptible  l oads  shal l  be  
considered .  The  re lay setti ngs  for the  under-frequency l oad  shedd ing  and  under-vol tage  load  
shedd ing  shou ld  be  chosen  i n  a  staged  or random ised  way so  that a  d roop  l ike  reaction  i s  
emu lated .  

1 3.3  M icrogrid  communication  

1 3.3. 1  Communication  wi th in  microgrid  subsystem  

I n  m icrogrids ,  there  shou ld  be  fast and  re l iab le  ways  for DER to  exchange  in formation  wi th  
m icrogrid  EMS,  i f needed .  Communication  protocol  of m icrogrids  shou ld  abide  by 
IEC 61 850  (a l l  parts) .  Communication  between  m icrogrid  EMS  and  the  d istribution  system  
shou ld  abide  by the  requ i rements  of I EC  61 968  (a l l  parts)  and  I EC 61 970  (a l l  parts) .  
Commun ication  services  wi th in  m icrogrids  shou ld  ab ide  by the  requ i rements  and/or 
regu lations  in  the  speci fic country and  j u risd ictions.  

Construction  of commun ication  network can  be  d i vi ded  in to  d i fferent phases  accord ing  to  
m icrogrid  construction  p lan .  

1 3.3.2  M icrogrid  commun ication  wi th  connected  d istribution  system  

As there  may be  existing  communication  systems,  the  re levan t system  operator i s  tasked  to  
choose  the  appropriate  commun ication  system .  When  choosing  communication  wi th  the  
d istribu tion  system ,  fi bre  optic  communication  i s  the  fi rst  choice,  and  i f i t  i s  not  avai l able,  
wi re less  commun ication ,  or carrier commun ication  can  be  used .  

I t  i s  recommended  that the  non- isolated  m icrogrid  updates  the  telecontrol  i n formation  us ing  
ded icated  pri vate  commun ication  network,  preferabl y power d ispatch  data  network.  Publ ic  
wi reless  network can  be  used  by a  m icrogrid  that has  no  speci fic control  requ irements ,  when  
measures  are  taken  for i n formation  securi ty.  

1 3.4  Information  exchange  

Under normal  operation ,  the  non- isolated  m icrogrid  shou ld  provide  data  as  requ i red  by the  
re levant  system  operator,  for example  the  fo l lowing :  

a)  status  of POC i n terface  swi tch ;  

b)  vo l tage,  frequency,  current  at the  POC;  

c)  acti ve  and  reactive  power at the  POC;  

d )  state  of Charge  (SOC)  of the  storage  faci l i ties.  
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1 4 Evaluation  of microgrid  projects  

1 4. 1  General  

With  the  goal  of techn ica l  i nnovation ,  efficient energy suppl y and  socio-econom ic feas ibi l i ty in  
m ind ,  a  number of appl icable  proposals  shou ld  be  pu t forward  for d iscuss ion .  The  suggested  
proposals  shou ld  be  evalu ted  to  make the  fi na l  decis ion .  

The  optimal  m icrogrid  p lann ing  and  design  scheme is  chosen  based  on  the  expected  
appl ication  of the  m icrogrid .  

1 4.2  Rel iabi l i ty of power supply 

Rel iabi l i ty evaluation  can  be  carried  ou t from  the  perpective  of the  d istribu tion  system ,  wh ich  
regards  the  m icrogrid  as  an  enti ty at  one  of i ts  nodes  that acts  as  l oad  or power resource.  
Rel i ab i l i ty evaluation  can  be  carried  ou t  wi th in  the  m icrogrid  too.  The  d istribu tion  system  
rel iabi l i ty evaluation  methods  can  be  appl ied  to  m icrogrids.  The  expected  re l iabi l i ty l evel  i s  
determ ined  by the  appl ication  of the  m icrogrid  and  re lated  local  requ i rements .  

Complete  re l i ab i l i ty stud ies  shou ld  take  account  of the  poss ib le  fa i l u res  of the  commun icati on  
and  I T  systems of the  m icrogrid  and  the ir consequences,  the  possib le  b lack start  capabi l i ti es  
of m icrogrids  for restoration  and/or a  b lack start  service  to  the  connected  d i stribution  system .  

1 4.3  Economic benefi ts  

I n  the  econom ic evaluation ,  m icrogrid  p lanners  shou ld  assess  the  econom ic feas ib i l i ty of a  
m icrogrid  by calcu lati ng  the  fi nancia l  costs ,  benefi ts,  and  customer paying  ab i l i ty.  

The  socio-econom ic feasibi l i ty of a  p lann ing  scheme or an  existi ng  m icrogrid  can  be  carried  
ou t by performance  s imu lation  by commercial  softwares.  

1 4.4  Envi ronmental  benefi ts  

I t  i s  necessary to  assess  the  i n fluence  of the  m icrogrid  construction  on  environment,  to  prove  
i ts  feas ib i l i ty,  and  later to  use  the  assessment to  gu ide  the  envi ronmental  protection  schemes  
i n  the  m icrogrid .  

The  m icrogrid  con tractors  shou ld  also  recogn ize  thei r responsibi l i ty for environmenta l  
protection ,  and  provide  necessary i n formation  for envi ronmenta l  management.  

1 4.5  Scalabi l i ty 

Scalabi l i ty shou ld  be  cons idered  i f a  m icrogrid  system  is  to  expand  or to  be  networked  wi th  
other m icrogrid  systems.  There  shou ld  be  period ical l y evaluation  as  to  assess  the  avai l abi l i ty 
of nearby m icrogrids,  protocol  compatib i l i ty,  commun ication  and  control  complexi ty,  etc.  

1 4.6  In tegration  to  the  wider electric  power system  

For isolated  m icrogrid ,  during  the  p lann ing  stage,  the  connection  to  the  wider e lectric  power 
system  i n  the  fu ture  shou ld  be  cons idered .  When  cond i tions  are  met (e . g .  wi der e lectric  power 
system  is  constructed ,  suppl y capaci ty i s  adequate) ,  the  i so lated  m icrogrid  can  be  i n tegrated  
to  the  wider e lectric power system  through  a  POC.  
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Annex A 
(informative)  

 
Business  use case A 

Guarantee a  continuity in  load  service by islanding  with  microgrids  

A.1  General  

This  business  use  case  (BUC)  i s  based  on  document I EC SyCSmartEnergy/32/CD,  and  is  
i n tended  to  be  reviewed  i n  view of keeping  cons istency wi th  I EC  TS  6291 3-2-1 2.  

A.2  Purpose  

This  BUC concerns  non- isolated  m icrogrids  on l y (d istribu tion  m icrogrids  or faci l i ty m icrogrids).  
I t  describes  how m icrogrids  can  guaran tee  a  con ti nu i ty i n  l oad  service  by is land ing ,  i . e .  by 
operati ng  d isconnected  from  the  overlay g ri d .  

A.3  Objectives  

This  BUC reaches  thus  several  objecti ves  on  the  services  to  m icrogrid  users:  

•  improve res i l iency of the  g rid  toward  b lackouts ;  

•  faci l i tate  main tenance  of network assets,  by enabl ing  downwards  customers  to  stay 
suppl ied  during  an  i n terven tion ;  

•  main ta in  cri tica l  l oads  suppl ied  during  b lackouts ;  

•  improve conti nu i ty of e lectrici ty suppl y for customers  of the  m icrogrid  area;  

•  reduce  the  ou tage  time for customers  of the  m icrogrid  area.  

Three  kinds  of i s l and ing  start are  possib le:  

•  preventive  is l and ing  i f a  suppl y i n terruption  i s  p l anned  (e. g .  due  to  main tenance),  or a  gri d  
ou tage  is  expected  (examples  include  s torms that cou ld  damage overhead  l i nes,  
overvol tage  due  to  PV i n j ection  and  l i ne  congestion);  

•  au tomated  i s land ing  i n  case  of unplanned  gri d  fa i l u re ;  

•  b lack start  recovery to  re-suppl y l oads  after gri d  fa i lu re,  i f the  m icrogrid  i s  techn ical l y not 
capable  to  au tomatica l l y i s l and  wi thou t any b lackout.  

After starting  the  i s l and ing ,  the  m icrogrid  wi l l  conti nue  to  operate  i n  i s land  mode as  l ong  as  
the  power i s  not back to  normal  on  the  overlay gri d .  Afterwards,  i t  can  reconnect to  the  grid ,  
and  work again  i n  g ri d -connected  mode.  

___________ 

2  Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC  CD  6291 3-2-1 : 201 7.  
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Business  use case B  

Optimize  local  resources  to provide services   
to  customers  inside  the microgrid  

B.1  General  

This  business  use  case  (BUC)  i s  i n tended  to  be  offered  to  I EC  SyC SmartEnergy to  
complement I EC TS  6291 3-2-1 .  

B.2  Purpose  

This  BUC concerns  non-isolated  m icrogrids.  I t  describes  how m icrogrids  can  be  used  to  
provide  services  to  thei r customers,  by optim izing  the  assets  such  as  energy storage,  
d ispatchable  l oads  and  generators .  The  services  provided  can  be  the  reduction  of the  energy 
cost,  the  i ncrease  of l ocal  energy consumption ,  the  decrease  of greenhouse  gas  em issions,  
etc.  

B.3  Objectives  

•  Reduce  the  energy cost for m icrogrid  users .  

•  Promote  local  consumption .  

•  Faci l i tate  renewable  energy i n tegration .  

•  Services  to  the  gri d .  
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(informative)  

 
Business  use case C   

Electri fy remote areas  using  renewable  energy sources  

C.1  General  

This  business  use  case  (BUC)  i s  i n tended  to  be  offered  to  I EC  SyC SmartEnergy to  
complement I EC TS  6291 3-2-1 .  

C.2  Purpose  

This  BUC concerns  i solated  m icrogrids  used  for purposes  such  as  e lectri fication  i n  far rura l  
area  or geograph ic i s lands.  

C.3  Objectives  

•  Local  e l ectri fication  i n  developing  areas,  eventual l y before  the  construction  of l arge  publ ic  
d istribu tion  networks.  

•  E lectrici ty supply i n  i s lands  or areas  where  there  i s  no  possib i l i ty to  have  connection  to  
l arge  publ ic  d istribu tion  networks.  

Th is  BUC impl ies  that m icrogrid  i s  one  of the  solu tion  to  promote  e lectri fi cation  for far rura l  
areas  or i s lands  wi th  i n tegration  of renewable  energy resources  (or d istribu ted  energy 
resources  DER).  

C.4 Basic functions  

Black start,  frequency and  vol tage  regu lation ,  necessary power re l iab i l i ty and  power qual i ty.  

C.5 Advanced  functions  

Load  shedd ing ,  l oad  control ,  forecast of l oad  and  power generation .  
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(informative)  

 
Business  use case D   

Optimize  local  resources  to provide services   
to  the  grid/disaster preparedness  

D.1  General  

This  business  use  case  (BUC)  i s  i n tended  to  be  offered  to  I EC  SyC SmartEnergy to  
complement fu ture  I EC/TS  6291 3-2-1 :  Generic Smart Grid Requirements – Part 2-1 :  Grid 
related Domains,  to  come .  

D.2  Scope  

This  BUC concerns  m icrogrids  or DER used  for system  services  such  as  frequency regu lation ,  
vol tage  control ,  robust smart gri d  and  e lectric  power g ri d  recovery from  d isasters.  

D.3  Objectives  

•  Anci l l ary services  for e lectric  power system  such  as  frequency regu lation  and  vol tage  
con trol .  

•  Post-d isasters  of e l ectric  power system  (enhance  b lack start capaci ty,  he lp  to  start l ocal  
wind  turbine  or HVDC l ink,  etc. ) .  

Th is  BUC impl ies  that m icrogrids  or DER are  one  of the  solu tions  to  perform  electric power 
system  services.  

D.4 Basic functions  

Black start,  VAR control ,  frequency and  vol tage  regu lation .  

D.5 Advanced  functions  

Management of priori ty of l oad  suppl y.  
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___________ 

___________ 

3  Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC  CD  62898-2: 201 7.  

4  Under preparati on .  S tage  at  the  t ime  of publ i cati on :  I EC CD  6291 3-2-1 : 201 7.  
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