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RECOMMENDATIONS FOR RENEWABLE ENERGY  

AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  
 

Part 2:  From requirements  to  a  range of electri fication  systems 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zation  for standard 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  q uestions  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  S tandards,  Techn ical  Speci fi cati ons,  
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  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 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  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant subjects  s i nce  each  techn ical  comm i ttee  has  representati on  from  al 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 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 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  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 n dependent  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  commi 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 cati on  or any other I EC  
Publ i cations.   

8)  Attention  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)  Attention  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 denti 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 ical  
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  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 62257-2,  wh ich  is  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ica l  
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 ti on  issued  i n  2004.  I t  consti tu tes  a  
techn ica l  revis ion .  

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

•  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  other documents  of the  
IEC 62257  series.  

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

Enqu i ry d raft  Report  on  voti ng  

82/947/DTS  82/998A/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  t i t l 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  t i tl e  as  ci ted  above.  Ti tl es  of existing  
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 ,  

•  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.  
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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:  

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

b)  to  des ign  the  system ;  

c)  to  operate  and  maintain  the  system .  

These  documents  are  focused  on l y on  rural  e l ectri fication  concentrating  on  bu t not speci fic to  
developing  countries.  They shou ld  not be  cons idered  as  a l l  i ncl us ive  to  rural  e l ectri fication .  
The  documents  try to  promote  the  use  of renewable  energ ies  in  rural  e lectri fication ;  they do  
not deal  wi th  cl ean  mechan isms development at th is  time (CO2  em iss ion ,  carbon  cred i t,  etc. ) .  
Further developments  in  th is  fie ld  cou ld  be  in troduced  in  fu ture  steps.  

Th is  cons isten t set of documents  is  best considered  as  a  whole  wi th  d i fferent parts  
correspond ing  to  i tems for safety,  sustainabi 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 ecti ves  i s  to  provide  the  m in imum  sufficien t requ irements,  
re levant  to  the  fi e ld  of appl ication  that i s :  renewable  energy and  h ybrid  off-grid  systems.  

The  purpose  of th is  part  of the  I EC  62257  series  i s  to  propose a  range  of renewable  energy 
based  e lectri fication  systems able  to  meet the  requ i rements  of customers  i den ti fied  i n  the  fi e ld  
of decentral i zed  ru ral  e lectri fication  proj ects .  

Th is  techn ical  speci fication  was  developed  i n  cooperation  wi th  other I EC techn ical  committees  
and  subcommittees  deal i ng  wi th  renewable  energ ies  and  re lated  matters ,  namely techn ica l  
committee  21  ( "Secondary cel ls  and  batteries") ,  subcommittee  21 A ( "Secondary cel ls  and  
batteries  con ta in ing  a l kal ine  or other non-acid  e lectrol ytes") ,  techn ical  committee  64  
("E lectrical  i nsta l lations  and  protection  against electric shock"),  techn ical  committee  88  ( "Wind  
tu rb ines") ,  and  others.  
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RECOMMENDATIONS FOR RENEWABLE ENERGY  
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  

 
Part 2:  From requirements  to  a  range of electri fication  systems 

 
 
 

1  Scope 

This  part of I EC  62257  proposes  a  methodolog ical  approach  for the  setti ng  up  and  carrying  
ou t of socio-economic s tud ies  as  part of the  framework of decentral i zed  ru ra l  e l ectri fication  
proj ects .  I t  i s  addressed  to  project teams  and  i n  particu lar to  experts  i n  charge  of socio-
econom ic stud ies  i n  in ternational  projects.   

The  amount of deta i l  gathered  and  the  requ is i te  number of experts  needed  wou ld  depend  on  
the  scale  of the  proposed  project.  For large  proj ects  i nvolving  many households,  a  deta i led  
study wou ld  be  requ i red ,  for a  project wh ich  i nvolves  a  s i ng le  or few households,  the  s tudy 
cou ld  be  truncated .  

The  in formation  com ing  from  such  prel im inary stud ies  cou ld  be  used  for several  purposes,  
such  as  more  complete  economic and  fi nancial  stud ies  of the  e lectri fication  proj ect.  

Th is  techn ical  speci fication  a lso  provides  some structures  as  techn ical  so lu tions  that cou ld  be  
recommended ,  depend ing  on  the  qual i tati ve  and  quan ti tati ve  energy demands,  cons istent wi th  
the  needs  and  fi nancia l  s i tuation  of the  customers.  

Then ,  i n  re lation  wi th  each  model  of the  proposed  range  of systems,  e lectrical  arch i tectures  
are  proposed  to  techn ical  project managers  to  assist i n  des ign ing  the  systems.   

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normative l 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 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 6061 7  DB 1 ,  Graphical symbols for diagrams  

I EC  62257-9  (al l  parts) ,  Recommendations for renewable energy and hybrid systems for rural 
electrification      

I EC 62257-1 2  (a l l  parts) ,  Recommendations for renewable energy and hybrid systems for 
rural electrification    

 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms and  defin i ti ons  apply.  

___________ 

1  “DB”  refers  to  the  I EC on -l i ne  database,  avai l able  at  <h ttp: //std . i ec. ch/iec6061 7>  
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3.1   
Renewable  Energy 
REN  

energy from  a  source  that i s  not  depleted  when  used  

3.2   
hybrid  system  

mul ti -sources  system  wi th  at  l east two kinds  of technolog ies  

3.3   
d ispatchable  power system  
power system  is  cons idered  d ispatchable  i f de l i vered  power i s  read i l y avai lable  at  any 
speci fied  time.  (e. g .  a  d iesel  generator)  

3.4   
non-d ispatchable  power system  
power system  that i s  resource  dependen t and  whose power m igh t not  be  avai l able  at a  
speci fied  time (e. g .  solar grid  connected  system)  

3.5   
storage  
storage  of energy produced  by one  of the  generators  of the  system  and  wh ich  can  be  
reconverted  th rough  the  system  to  e lectrici ty 

3.6   
micropower plant  
power p lan t that produces  l ess  than  50  kVA through  the  use  of a  s ing le  resource  or h ybrid  
system  

3.7   
microgrid  
grid  that  transfers  a  capaci ty l evel  l ess  than  50  kVA and  powered  by a  m icropower plan t  

3.8   
Ind ividual  Electri fication  System  
IES  
micropower p lant system  that suppl ies  e lectrici ty to  one  consumption  poin t usual l y wi th  a  
s i ng le  energy resource  poin t  

3.9   
Col lective  Electri fication  System   
CES  
micropower plan t and  m icrogrid  that suppl ies  e lectrici ty to  mu l ti p le  consumption  poin ts  us ing  a  
si ng le  or mu l ti p le  energy resource  poin ts  

3.1 0   
isolated  si te  
electric characteristic to  define  a  speci fic l ocation  not currentl y connected  to  a  
national /reg ional  g ri d   

3.1 1   
remote s i te/area  
geograph ic characteristi c to  define  a  speci fic l ocation  far from  developed  i n frastructures,  
speci fica l l y energy d istribu tion  

International  Electrotechnical  Commission

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



 – 1 0  – I EC TS  62257-2 :201 5  © I EC  201 5  

 

4 Methodology for non-technical  prel iminary studies  

4.1  Place  and  role  of prel iminary stud ies  in  a  decentral ized  rural  e lectri fication  
project  

I t  i s  strong l y recommended  that i t  i s  u nwise  to  l aunch  an  e lectri fication  proj ect against the  
wishes  of the  local  i nsti tu tions  and  popu lations.  A good  understand ing  of the  needs  and  
wishes  of the  l ocal  popu lations  is  recommended ,  to  know what i s  the ir demand ,  the ir capaci ty 
and  wi l l i ngness  to  pay for a  modern  energy service.  

I f a l l  the  socio-econom ic data  are  avai l ab le ,  they have  to  be  properl y col lected  and  processed  
for th is  purpose.  

I f not,  a  prel im inary study i s  recommended  that wi l l  be  the  fi rst stage  i n  the  establ ishment of a  
feas ib i l i ty study for a  decentral i zed  rural  e l ectri fi cation  project.  I ts  role  i s  to  a l l ow a  better 
understand ing  of the  areas  concerned  by the  various  proj ect experts  and  such  a  study wou ld  
make  avai l able  some of the  data  needed  for techn ical  evaluations,  econom ic,  fi nancial  and  
l egal  anal yses,  and  for the  carrying  ou t of the  project  i n  general .   

I n  th is  Clause,  a  method  i s  suggested  to  obtain  the  various  i n formation  needed .  

Some of the  i n formation  described  i n  the  fol lowing  subclauses  m igh t be  obtained  from  govern-
menta l  organ izations  prior to  speci fic s i tes  vis i ts.  

4.2  Specifications  of the  prel iminary study  

4. 2. 1  General  

A socio-econom ic study shal l  provide  a  certain  amount of data  to  the  experts  i n  charge  of the  
financia l ,  techno-econom ic and  organ izational  stud ies.  I t  a lso  a l l ows  a  better understand ing  of 
the  g lobal  environment of the  proj ect and  can  provide  i n formation  to  the  communi ty abou t the  
scope  of the  proj ect.  

The  fo l l owing  subclauses  suggest some cons iderations  concern ing  data  to  be  col lected  and  
anal ysed  in  cons ideration  wi th  the  fol l owing  cri teria:  

•  general  in formation  on  the  environment of the  proj ect;  

•  techno-econom ic s tudy;  

•  organ izational  s tudy;  

•  fi nancia l  anal ys is.  

F i gure  1  i s  an  i l l ustration  of the  main  topics  that shou ld  be  investi gated  i n  the  socio-economic 
study.  
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Figure  1  – Example  of the  content of a  non-technical  prel iminary study 

4.2.2  Data for a  better understand ing  of the  project  environment 

4.2.2 .1  General  

The  fol lowing  topics  shou ld  be  cons idered  by project con tractors.  I t  i s  thei r role  to  determ ine  
the  relevant importance  of each  of these  categories  i n  regard  to  a  speci fic project or 
programme.  

4.2.2 .2  Sociological  data  

This  data  is  importan t for an  understand ing  of the  l ocal  popu lation .  I t  i s  essen tia l  to  l ook at the  
organ izational ,  cu l tura l  and  ethnolog ica l  s tructu res  of the  society.  I n  parti cu lar,  one  shou ld  
i nvestigate  the  way of l i fe,  the  san i tary cond i tions,  the  national  and  local  l anguages,  the  l evel  
of education  and  l i teracy,  the  techn ica l  soph istication  level  and  the  presence of organ izations  
and  associations.  I n  add i ti on ,  the  ro le  of male  and  female  i n  the  socia l  organ ization  of the  
vi l lage  shal l  be  taken  i n to  account.  

4.2.2 .3  The communities’  priori ties  for development 

I t  i s  importan t to  understand  the  popu lation ’s  opin ions  of the ir vi l l age.  What are  thei r priori ties  
for improvement i n  thei r da i l y l i fe?  (Such  as  water pumping ,  construction  of a  hospi ta l ,  of a  
school ,  communications  i n frastructure,  e lectrici ty,  etc. ) .  

I n  the  case  of a  rura l  e l ectri fication  project,  what are  the  priori ties  for the  vi l lage  as  expressed  
by the  popu lation  and  the  l ocal  au thori ties?  

IEC  

Prel iminary study 

Organ isational   
study 

General  in formation   
on  the  environment  

of the  project 

Financia l   
analysis  

Techno-economical  
study 

-   possi b l e  sou rces  of fi n anci n g  
-   exi s ti ng  l oca l  i n frastructu res  
-   p ri va te  sector d ynam i cs  
-   commun i ty- l evel  d ynam i cs  

-   pub l i c-sector d ynam ics  

-   soci ol og i ca l  d ata  
-   commun i ty' s  p ri ori ti es  for d eve lopmen t  
-   econom ic  acti vi ty  
-   d evel opmen t p ro j ects  u n der way i n  th e  reg i on  

-   external i ti es  (envi ronmen ta l  impact)  
-   l eve l  o f educati on  

-   d emog raph i c and  g eog raph ic  da ta  
-   th e  l oad  d i s tri bu ti on  cu rve  of th e  v i l l age  or 
 th e  d i s tri bu ti on  of cu stomers  per servi ce  
-   fu e l  pri ce  

-   n umber o f cu s tomers  and   
 va ri a ti ons  i n  time  
-  average  sel l i ng  pri ce  
-  access  fee  for e l ectri ci ty  
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4.2.2 .4  Economic activi ti es  and  possible  development 

Knowledge  of the  economic activi ti es  in  the  commun i ty a l l ows  a  better general  u nderstand ing  
of the  environment of the  project;  i t  a lso  helps  in  understand ing  the  dynam ics  of l ocal  
development,  i n  order to  evaluate  the  evolu tion  of demand  in  energy i n  the  com ing  years.   

One  can  compi le  the  economic activi ti es  of the  vi l lage  (commerce,  hand icrafts ,  an imal  
husbandry,  agricu l ture,  etc. )  and  look at thei r re lati ve  importance.  I t  wou ld  a lso  be  usefu l  to  
l ook at potential  acti vi ties  due  to  e lectrici ty.  

4.2.2 .5  The development projects  under way in  the  region   

One shou ld  l ook at the  l ocal  development proj ects  under way,  who are  the  i nsti gators  and  
who are  the  beneficiaries,  what the  impacts  on  the  popu lation  are,  and  what wou ld  be  the  
impacts  on  a  fu ture  e lectri fication  project.  

4.2.2 .6  Environmental  considerations  

One of the  clear d ri vers  i n  the  use  of renewable  technology i s  the  favourable  impact of these  
systems on  the  envi ronment as  compared  to  the  conventional  sources,  primari l y d iesel  and  
grid  extension .  The  impact of any technology choice  on  the  envi ronment,  from  a  carbon ,  p lant 
footprin t,  noise  and  visual  impact  shou ld  be  assessed .  Understand ing  the  desi res  of the  l ocal  
participants  wi l l  be  important  i n  th is  endeavour.  

4.2.3  Necessary data  for the  techno-economic study  

4.2.3.1  General  

Although  th is  i n formation  i s  not strictl y i n  the  domain  of the  socio-economic expert,  i t  shal l  be  
col l ected  in  the  i n i tia l  phases  of any anal ys is  as  i t  i s  essentia l  to  the  techno-econom ic study.  
The  socio-econom ic expert i s  therefore  asked  to  col lect th is  data,  being  usual l y the  fi rst 
proj ect person  to  vis i t  a  ru ral  communi ty.  

4.2.3.2  Geograph ic  and  demographic  data  

I n  particu lar one  shal l  obta in  the  geograph ical  coord inates  of the  vi l lage,  i ts  topography,  l ocal  
fauna,  and  the  geograph ica l  d is tribution  of the  i nhabi tants .  The  geograph ic l ayou t of the  
communi ty i s  important because  i t  impacts  the  econom ics  of meeting  the  power requ irements  
for the  commun i ty.  I f the  communi ty i s  wide l y d ispersed ,  the  cost of a  l ocal  d i s tribution  
network may be  proh ib i ti ve,  at  wh ich  poin t i nd ividual  home systems  or smal l  cl uster systems 
may be  the  most cost-effecti ve  solu tions.  The  analys is  wi l l  requ i re  speci fication  of the  
l ocation ,  power,  and  energy requ irements  of each  l oad .  I t  i s  a lso  important to  obtain  an  
understand ing  of the  acceptance of d i fferen t qual i ties  of service  that these  e lectri fication  
options  offer.  I f possible,  one  shou ld  col lect data  on  the  cl imate,  l ocal  natura l  resources,  s i te  
transportation  issues  and  other importan t s i ghting  i ssues  such  as  land  ownersh ip  and  ri gh t of 
way i ssues.  

4.2.3.3  Human  resources  

The personnel  resources  avai l ab le  i n  the  commun i ty,  reg ion  and  country shal l  be  cons idered  
when  conducting  an  analys is  for renewable  based  power systems.  The  i n frastructure  requ ired  
for the  project instal lation ,  l ong-term  operation ,  and  system  main tenance shal l  be  i n  p lace  to  
i nsure  i ts  l ong-term  sustainabi l i ty.  I n  most cases,  a  mu l ti - layer in frastructure  i s  requ ired ,  a  
l ocal  system  operator who i s  able  to  address  short-term  incidents,  a  reg ional  service  cen tre  
capable  of conducting  system  repair and  componen t assessment and  a  coun try or g lobal l y 
reg ional  cen tre  that can  provide  timel y replacement of major components  and  deta i l ed  
service.  Wi thou t a  speci fi ed  i nsti tu tional  framework,  i t  wi l l  be  impossib le  to  provide  a  qual i ty 
l evel  of service  at a  cost that  can  be  susta inable  over the  l i fe  of the  proj ect.  The  whole  
i n frastructure  framework re l i es  on  people  wi th  the  righ t l evel  of train ing  and  equ ipment to  
perform  thei r speci fi ed  tasks  in  the  ri gh t geograph ic area  wi th  enough  systems  to  guaran tee  a  
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successfu l  bus iness  model .  I f the  in frastructure  i s  not curren tl y i n  pl ace,  care  shal l  be  taken  to  
i nvestigate  whether the  resources  are  avai lable  to  create  one.  

4.2.3.4  Energy – resources  assessments  

Data  on  the  l ocal  (renewable)  energy sources  such  as  wind ,  i nsu lation ,  b iomass  and  hydrau l ic  
poten tia l  shou ld  be  col lected .  I f a  sufficien t amount of rel iable  data  is  not avai l able ,  the  proj ect 
shou ld  be  postponed  unti l  the  necessary data  have  been  col l ected .  For wind  and  solar 
energy,  a  measurement program  may be  necessary.  For wind  measurements ,  a  d uration  of at 
l east one  fu l l  year or the  abi l i ty to  comfortabl y correlate  the  data  to  other l ong -term  data  
col l ection  s i tes ,  i s  recommended .   

I n formation  on  the  da i l y or seasonal  resource  pattern  is  a lso  importan t in  the  assessment of 
the  avai lable  resource.  Modern  s i te  assessment techn iques  shou ld  be  u ti l i zed  to  establ ish  the 
best poss ib le  pred iction  of the  resource  and  the  energy production  potentia l ,  i ncl ud ing  the  use  
of resource  assessment model l i ng  techn iques  such  as  the  Wind  Atlas  Anal ys is  and  
Appl ication  Program  (WASP)  Riso  National  Laboratories,  Denmark;  MesoMap,  True  Wind  
Solu tions,  Un i ted  States;  and  the  Wind  Resource  Assessment and  Mapping  System  
(WRAMS),  National  Renewable  Energy Laboratory,  Un i ted  States 2.   

Th is  data  can  then  be  used  i n  performance s imu lation  models  such  as  RAPSIM,  Austral i a ;  
RETScreen,  Canada;  HOMER,  H ybrid2,  PVSYST,  and  Wattsun ,  Un i ted  States2 .  At locations  
wi thout e lectric service,  i t  wi l l  a lso  be  important to  obtain  an  assessment of a l l  of the 
e lectri fication  options  for the  commun i ty or dwel l i ng  i n  question .  Th is  wou ld  include  
i n formation  l ike  the  d istance  to  any existi ng  d istribu tion  network and  the  cost of d iesel  fuel  
transported  to  the  s i te.  

4.2.3.5  Envi ronmental  cond itions  – cl imate  

Data  on  the  l ocal  environment and  cl imate  shou ld  be  col lected .  For warm  cl imates  wi th  h igh  
temperatures,  hum id i ty and  possibl y corrosive  environments  may in fluence des ign  cri teria,  
choice  of material  and  systems layou t.  For cold  cl imates  wi th  l ow temperatures,  i ci ng ,  snow 
l oad  and  again  possib le  corros ive  environment may,  i n  d i fferent ways,  i n fl uence desig n  
cri teria,  choice  of material ,  systems  layout and  performance.  Al ti tude  may a lso  be  an  
important parameter.  Local  cond i ti ons  may a lso  i n fluence transport,  i nstal l ation  and  access  to  
the  s i te  as  wel l  as  operation  and  main tenance costs.  Extreme cond i ti ons  such  as  
earthquakes,  fl oods  and  hurricanes/typhoons  may i n fl uence design  cri teria  and  expected  
systems  l i fetime.  Data  on  a l l  these  matters  shou ld  be  col l ected  and ,  i f possible  cons idered  in  
re lation  to  any national  and /or i n ternational  standard .  

4.2.3.6  Existing  energy supply  

The structure  of the  existi ng  energy suppl y i n  terms  of fuel ,  gas,  wood ,  cand les  and  other 
sources  shou ld  be  mapped  wi th  respect to  sources,  amounts,  avai l abi l i ty and  costs.  Existing  
i n frastructure  in  terms  of power p lan ts,  fue l  storage  and  d i stribu tion  l i nes  shou ld  be  l i s ted  and  
speci fied  i n  cons iderable  detai l .  Costs  and  metering  principles  shou ld  be  accounted  for,  and  
subs id ies,  i f any,  on  the  existi ng  energy suppl y shou ld  be  accounted  for.  Special  care  shou ld  
be  taken  i n  the  determ ination  the  real  cost of d iesel  fue l  de l i vered  to  an  existing  d iesel  power 
station .  The  number of hours  of service  per day and  the  customer’s  impression  of the  l evel  of 
service  are  important factors  to  cons ider for any existi ng  power s tations.  

4.2.3.7  Present and  future  consumer demands  

The expected  l oads  in  a  communi ty,  as  wel l  as  the  proj ected  growth ,  or reduction ,  of those 
l oads  wi l l  impact the  speci fication  and  configuration  of the  h ybrid  system.  Determ in ing  the  
i n i tia l  l oads  and  the  growth  proj ections  can  be  very d i fficu l t,  and  i s  often  based  on  h istorical  

___________ 

2  Th i s  i n formation  i s  g i ven  for the  conven ience  of users  of th i s  document and  does  not  consti tu te  an  endorsement  
by I EC.  
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va lues  for s im i l ar s i tuations.  I t  i s  very clear that  the  load  and  projected  growth  have  a  clear 
re lation  to  system  des ign  and  the  l i fe-cycle  cost of energy for systems provid ing  various  l evels  
of service.  The  qual i ty of the  e lectric service,  the  number of hours  per day the  system  is  
expected  to  operate,  and  whether there  are  large  i nductive  l oads,  such  as  motors,  need  to  be  
cons idered .  I nvesti gation  shou ld  a lso  be  made  in to  areas  of poten tia l  power use,  for example  
an imal  d ri ven  agricu l tural  water pumps  that cou ld  be  e lectri fied  or gra in  d rying  operations  that 
cou ld  be  converted  to  b iogas.  

4.2.4  Necessary data  for the  financial  analysis   

4.2.4.1  General  

The financia l  expert needs  a  number of data  to  make h is  anal ys is,  and  the  socio-economic 
expert sha l l  provide  them.  For the  fi nancia l  anal ys is,  one  shal l  know the  fol l owing :  

4.2.4.2  Number of customers  and  variation  in  time  

Th is  data  i s  deduced  from  the  data  on  the  demand  expressed  by the  popu lation  for a  modern  
energy service.  I n  order to  evaluate  the  potentia l  number of customers  at the  beg inn ing  of the  
proj ect,  one  shal l  take  i n to  account the  socia l  demand  (wi l l i ngness  to  pay)  and  the  capaci ty to  
pay.  

To  estimate  the  variations  i n  the  number of customers  wi th  time,  one  shal l  know the  
demograph ic g rowth ,  and  in  particu lar the  g rowth  i n  the  number of households  (or the  average  
number of persons  per household ) .  

4.2.4.3  Avai labi l i ty – wi l l ingness  to  pay 

To determ ine  the  average  sel l ing  price  for implementing  the  financia l  p lan ,  one  general l y uses  
the  average  capaci ty to  pay determ ined  in  the  previous  stage.  However i t  i s  preferable  to  
determ ine  the  wi l l i ngness  to  pay of customers  for a  g iven  service  and  the  d istribution  of 
poten tia l  customers  per service.  One  then  determ ines  the  average  se l l ing  pri ce  for each  
service.  

4.2.4.4  Potential  sources  of financing  for the  user 

I t  i s  important to  know the  various  fi nancia l  i nsti tu tions  and  the  habi ts  of the  local  popu lation  
i n  the ir money management.  Understand ing  of the ir sou rces  of i ncome,  and  in  particu lar the  
regu lari ty of thei r i ncome,  a l l ows  for better customer management.  Questions  pu t to  the  
households  l ead  to  knowledge of thei r preferences  and  the  socia l  acceptabi l i ty of the  d i fferen t 
payment methods  envisaged .  

4.2.4.5  Insti tutional  organ izations:  potential  sources  for financing  

I n ternational  and  national  organ izations  are  potentia l  sources  for fi nancing .  I n  re lation  wi th  the  
speci fic goals  of the  project,  i t  i s  recommended  to  have  a  l ook to  the  updated  l i s t of these 
organ izations  (governmental  and  NGOs)  i n  order to  request thei r support.  Such  insti tu tions  or 
organ izations  can  be  used  to  fi l l  the  gap  between  the  true  proj ect cost and  the  income com ing  
from  the  l ocal  commun i ty.  Some proj ects  can  be  financed  on l y by the  l ocal  resources,  bu t 
most of them  requ i re  assistance  from  such  organ izations,  commonly the  case  i n  developing  
coun tries .   

4.2.4.6  Connection  charge  for electrici ty ( in i tial  equ ipment)  

I t  i s  importan t to  know i f an  access  fee  for e lectrici ty can  be  accepted  by the  popu lation .  I f so,  
what  i s  the  adequate  fee  and  what i s  the  wi l l ingness  to  pay of the  popu lations  for th is  access  
fee?  
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4.2.5  Necessary data  for the  organ izational  study  

4. 2.5.1  Existing  local  infrastructures  

I n  order to  optim ize  any decentral i zed  e lectri fication  system ,  one  needs  to  know the  transport  
and  communication  i n frastructu res  in  p lace.  I t  i s  necessary to  know i f they operate  a l l  year 
round  ( i f for example  one  needs  to  suppl y petrol  to  the  vi l l age).  

One  needs  to  know the  d istance  to  the  national  grid  or neighbouring  m icro-power 
e lectri fication  systems  to  evaluate  the  socia l  acceptabi l i ty of a  decentra l i zed  system,  what are  
the  existing  equ ipment and  services  avai l able,  what e lectrici ty supply ( i f any)  the  popu lation  
has  access  to,  and  the  avai l ab le  communication  i n frastructures.  

4.2.5.2  Private  sector dynamics  

Private  sector d ynam ics  can  be  evaluated  through  the  number of commerce  and  hand icrafts  i n  
the  vi l lage,  as  wel l  as  the  local  techn ical  ski l l s:  presence  of e lectrical  techn icians,  mechan ics,  
and  other acti vi ti es,  etc.  

Th is  g i ves  a  measure  of the  capaci ty of the  pri vate  sector to  support  e lectri fication  proj ects  in  
terms  of customer management,  or even  i n  terms  of investment.  I t  i s  therefore  i n teresti ng  to  
note  the  pri vate  i n i ti ati ves  under way,  such  as  pri vate  m icro-grids ,  battery charg ing ,  renta l  of 
solar home systems,  etc.   

4.2.5.3  Community-level  dynamics  

The capaci ty for i n i ti ative  and  organ ization  of the  l ocal  communi ties  shou ld  be  l ooked  at.  Th is  
may be  evaluated  by noti ng  the  presence  (or absence)  of structured  l ocal  organ izations  or 
associations:  professiona l  gu i l ds ,  communi ty i n frastructure  associations,  socio-cu l tura l  
associations,  etc.  I t  i s  a l so  essen tia l  to  note  the  presence of communi ty- level  e lectri fication  
proj ects ,  such  as  m icro-grids.  

General l y,  the  fewer of these  organ izations  are  presen t,  the  l ower wi l l  be  the  organ izational  
capaci ty of the  commun i ty.  I n  th is  case,  i t  i s  d i fficu l t  to  imag ine  a  management of the  
e lectri fication  proj ect pure l y on  a  communi ty l evel .  

4.2.5.4  Publ ic  sector dynamics  

Th is  d ynam ic can  be  evaluated  by l ooking  at the  publ ic  sector (state,  l ocal  au thori ties)  
proj ects  under way in  the  vi l l age.  I f they are  few,  one  can  conclude  that general l y speaking ,  a  
publ ic  sector management approach  for e lectri fication  proj ects  is  not  appropriate.  

4.2.5.5  Local  governmental  i ssues  

There  wi l l  be  a  number of l ocal  and  federal  governmental  i ssues  that wi l l  have  to  be  assessed  
prior to  proj ect implementation .  I tems  i nclude  fi nancing  and  subsidy i ssues,  responsib i l i ty for 
system  operational  status,  import tari ffs,  l and  use  issues  and  power production  l eg is lation  and  
regu lation .  I n  many cases,  governmental  barriers  to  the  use  of new and  renewable  ru ral  
e lectri fication  technology are  the  hardest  to  overcome and  resu l t  i n  the  most project  de lays.  

4.2.5.6  Insti tutional  organ izations   

I n ternational  and  national  organ izations  are  poten tia l  sources  for organ ization  support.  I n  
re lation  wi th  the  speci fic  goals  of the  project,  i t  i s  poss ib le  to  find  organ izations  wi th  speci fic 
experience,  for example  bus iness  development.  
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4.3  The stages  of a  socio-economic study  

The main  s teps  recommended  to  be  fo l l owed  for the  carrying  ou t of a  socio  econom ic study 
are  presented  at  the  end  of the  present  document as  Annex A.  

5 Classification  of electri fication  systems  

5.1  In troduction  to  a  range  of systems  

This  clause  establ ishes  a  class i fication  system  of decentral i zed  e lectri fi cation  systems for 
ru ral  areas  not connected  to  a  national /reg ional  g ri d ,  based  on  a  range  of system  types.   

5.2  Users  requ irements  

From  the  users ’  poin t of view,  the  fol lowing  two kinds  of requ i rements  shou ld  be  considered :  

a)  Qual i ty requ i rements,  i nclud ing :  

•  time  avai labi l i ty:  the  ab i l i ty to  use  power whenever needed ,  

•  waveform  qual i ty of the  suppl y ne i ther impai ring  the  operation  nor the  l i fe  duration  of 
receivers.  

b)  Quan ti ty requ i rements,  whose  characteristics  are:  

•  quanti ty of energy requ i red  for a  g i ven  period ,  a l l owing  to  take  advantage  of the  
number of u ti l i zation  hours  expected  from  instal led  receivers.  

5.3  Typology of qual i tative  requ i rements  

5.3. 1  Type  of desi red  use  

Energy use/appl ication  types  are  l i sted  i n  Table  1 .  The  categories  shown  are  i ssued  from  an  
anal ys is  of user types  ( i nd ividual  or col lective)  and  from  the  use  they desi re  to  (or can)  make 
of thei r power/energy:  

Table  1  – Appl ication  types  and  types  of uses  

Appl ication  types  Types  of uses  

Home appl i cations  L i gh ti ng  

Aud io/video  

Refri gerator(s)  

Smal l  household  appl i ances  

Wash ing  mach ine  

I rons  

Freezer(s)  

Odd  j obs  

Publ i c  areas  appl i cati ons   

(P laces  of col l ecti ve  l i fe:  worsh ip  p l aces,  commun i ty 
centre,  heal th  centre,  etc. )  

The  same  appl i ances  as  above  are  used ,  bu t  common ly 
more  numerous  and  more  powerfu l  

Publ i c  l i g h ti ng  

Col l ecti ve  pumping  

Econom ic acti vi ti es  appl i cations  Process  equ i pment suppl y (main l y motors)  

 

5.3.2  Avai labi l i ty  

Considering  the  dai l y du ration  of the  des ired /requ ired  service  avai labi l i ty,  each  type  of use  
can  be  i denti fi ed  i n  re lation  to  i ncreasing  requ i rements  i n  terms  of:  
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•  Duration  of service  (hours  per day).  

•  Service  avai labi l i ty (%  per year) .  

•  Power qual i ty.  

5.3.3  Qual i ty of the  supply 

Concern ing  the  qual i ty of the  suppl y,  the  expectations  of the  users  wi l l  bear upon  parameters  
wh ich  a l low satisfactory usage  of appl i ances.  Table  2  l i sts  examples  of qual i tati ve  
expectations  versus  categories  of receivers .  

Table  2  – Expected  qual i ty of the  supply 

Type  of receivers  Qual i tative  expectations  

DC 
Vol tage  measured  at  rece ivers  l evel  (U ±  ∆  U)  

S i gnal  d i storti on  

AC 

Vol tage  measured  from  the  poi n t  of del i very (U ±  ∆  U)  

Frequency (f ±  ∆f)  

Harmon ic  d i storti on  (THD)  

Grid  cos  ϕ   

 

The speci fic values  are  g i ven  in  Table  C. 1 .  

5.4  Typology of quanti tative  requ irements  

Annex B  provides  a  detai l ed  anal ys is  of power quan ti tati ve  requ irements  l i nked  to  the  types  of 
commonly used  receivers  i nsta l l ed  in  each  aforementioned  appl ication ;  i t  a lso  provides  an  
estimate  of the  time  during  wh ich  these  receivers  may be  used .   

Using  th is  detai led  analys is,  power and  energy requ irements  were  broken  down  i n to  four 
categories  as  shown  i n  Table  3  below.  
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Table  3  – Synthesis  of quanti tative  requ irements/category –  
Examples  of type of user and  use  

Examples  of 
Quanti tative  

Requ i rementslease  
add  a  head ing  

Category 1  Category 2  Category 3  Category 4  

User type  (examples  
of type  of use)  

I nd ivi dual  services  

( l i gh ti ng  and  
aud i o/vi deo)  

I nd ivi dual  services  

(same as  category 1  
+  freezer(s)  and  
househol d  
appl i ances)   

I nd ivi dual  services  

(same  as  category 2  
+  freezer(s ),  wash ing  
mach ine,  odd  j obs,  
etc. )  

Col l ecti ve  services  

(pumping ,  etc. )  

 and  and  and  and  

 

col l ecti ve  services   

" l ow energy 
consumption"  

col l ecti ve  servi ces  col l ecti ve  services  business  acti vi ti es  

 

(p l aces  of worsh ip  
commun i ty cen tre,  
adm in i strati ve  
prem ises,  
commun ication  
systems,  etc. )  

(heal th  and  care  
centre:  l i gh ti ng  and  
freezer(s ),  etc. )  

(publ i c  l i g h ti ng)  (motors,  etc. )  

Essential  
consumption  
characteri sti cs  

•  Low number of 
recei vers  

•  Low power of 
recei vers  

•  Sl im  consumption  
profi l e  

•  Number of 
recei vers  i s  a  
l i ttl e  h i gher 

•  Recei vers  more  
powerfu l  

•  H igh  number of 
recei vers  

•  Some receivers  
are  powerfu l  

•  H igh  
i nstan taneous  
power i n rush  cal l s  
(poss ibl y)   

•  "Variable"  
consumption  
profi l e  

•  Powerfu l  
recei vers   

•  High  
i nstan taneous  
power i n rush  cal l s  

Probabl e  needed  
power 

P  ≤  1 00  W 0, 1  kW <  P  <  0 , 5  kW 0, 5  kW ≤  P  <  2  kW 2  kW ≤  P  

Average  energy 
requ i red  over 24  h  
( to  sati sfy the  users  
as  may be  expected  
from  us ing  
e l ectri ci ty)  

E  ≤  0 , 5  kWh  E  ≤  1 , 5  kWh  E  <  4  kWh  E  <  n  ×  1 0  kWh  

 

Most domestic  users  i n  developing  countries  appl y to  category 1  and  to  a  l esser extent,  to  
category 2 .  

5.5  Classification  for electrici ty services  provided  

Several  l evels  of service  can  exist to  meet the  quan ti tati ve  requ irements  shown  in  Table  3;  
these  l evels  of service  can  be  d istingu ished  from  one  another th rough  the  i nd icators .  

As  a  suggestion ,  Annex C  i nd icates  values  to  speci fy suppl y qual i ty for ru ral  e lectri fication  
systems  (Table  C. 1 ) .  

5.6  Assisted  selection  of production  subsystem  

Annex D,  an  i n formative  Annex,  suggests  how to  determ ine  the  most  adequate  power 
production  subsystem  solu tion  wi th  suppl y avai l ab i l i ty and  dai l y duration  of service.  
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5.7  Typology of decentral ized  electri fication  systems  

5.7. 1  General  

The fol l owing  class i fication  is  provided  i n  order to  better communicate  the  d i fferen t types  of 
commonly used  isolated  e lectri fication  systems.  

5.7.2  Selection  process  

A production  subsystem  is  se lected  as  a  function  of qual i tati ve  requ irements  for power 
avai l abi l i ty and  offer re lated  constra in ts.  Production  and  d istribu tion  shal l  then  be  s i zed  in  
order to  fu l fi l  quanti tati ve  requ i rements.  

Table  4  categorizes  the  production  subsystems  (generators)  i n  terms  of the  poss ible  system  
arch i tectures:  

Table  4 – Typology of decentral ized  electri fication  systems  

Type  of generator 
Classi fication  of associated  systems  

Ind ividual  Col lective  

RE  on l y,  h ybri d  or not  no  storage  T
1
I  T

1
C 

RE  on l y,  h ybri d  or not  s torage  T
2
I  T

2
C 

RE,  hybri d  or not  +  Genset  no  storage  T
3
I  T

3
C 

RE,  hybri d  or not  +  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:  T iI  :  i n d i vi dual  system ,  type  i;  T jC :  col l ecti ve  system ,  type  j.  

NOTE  “Storage”  :  s torage  of energy produced  by one  of the  generators  of the  system  and  wh ich  can  be  
reconverted  “on  demand”  to  e l ectri ci ty th rough  the  system .  

 

Figure  2  be low categorizes  systems depend ing  on  whether they are  d ispatchable  or not.  
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 T1     T2       T3          
 NDSP  source  

Example:  REN  
 NDSP  source  

Example:  REN  
   NDSP  source  

Example:  REN  
 DSP  source  

Example:  
Genset  

  

                    

                    

 Energy  Energy  S torage   Energy       

 management   management     management        

                    

 Loads  AC or DC 
or combined ,  
S i ng le  or mu l ti  

 Loads  AC or DC 
or combined ,  
S i ng le  or mu l ti  

   Loads  AC or DC 
or combined ,  
S i ng le  or mu l ti  

      

 Non dispatchable   Dispatchable     Dispatchable        
                    
                
 T4          T5          

 NDSP  source  
Example:  REN  

 DSP  source  
Example:  Genset  

   DSP  source  
Example:  
Genset  

      

                    

                    

 Energy  S torage     Energy       

 management       management       

                    

 Loads  AC or DC 
or combined ,  
S i ng le  or mu l ti  

       Loads  AC or DC 
or combined ,  
S i ng le  or mu l ti  

      

 Dispatchable         Dispatchable        

                    
 T6                    

 DSP  source  
Example:  Genset  

 
 

   
 

      

                    

 Energy  S torage            

 management              

                    

 Loads  AC or DC 
or combined ,  
S i ng le  or mu l ti  

              

 Dispatchable                
IEC 

Figure 2  – Systems  architecture  and  d ispatchable  energy 

5.7.3  From  user needs  to  electri fication  system  – Summary for a  range of 
electri fication  systems  

Table  5  speci fi es  the  range  of e lectri fication  systems i nclud ing  thei r arch i tectures  and  the  
demand  requ i rements :  

•  type  of recommended  production  subsystem ;  

•  type  of sources  consti tu ti ng  the  production  subsystem;  

•  type  of rural  decentral i zed  electri fication  systems  in tegrati ng  the  said  production  
subsystems;  

•  con tractual  commitments  between  suppl iers,  operators  and  users .  
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Table  5  – Prel iminary range  of relevant (as  a  min imum)   
decentral ized  electri fication  systems  

Requi rement Proposed  production  
subsystem  

Electri fi cation  
system  

Proposals  for con tractual  
commitments  between  suppl iers,  

operators  and  users  (when  
appl icable)  REN  Storage  Genset  IES  CES  

User requests  a  g i ven  
resu l t  of process  over a  
g i ven  peri od ;  no  qual i ty 
requ i rement  X   T1 I  N /A 

Commi tment to  supply:   

– process  resu l t  defi ned  for a  period  
of one  month ,  one  week,  for a  
number of n  mon ths  ou t  of 1 2 ,  n  
weeks  ou t  of 52  or n  days  ou t  of 
365  

Every day,   

u ser wou l d  l i ke  to  have  
mu l ti pl e  hou r energy supply 
at  constant  vol tages  wi th  
several  appl i ances  on ,  
s imu l taneousl y  

and  

accepts  a  l ack of energy 
because  of adverse  cl imati c  
cond i ti ons  

X X  T2 I  T2C 

Commi tment to  supply:  

– the  quanti ty of subscri bed  
power/energy defi ned  for a  period  
of one  month ,  one  week,  for a  
number of n  mon ths  ou t  of 1 2 ,  n  
weeks  ou t  of 52  or n  d ays  ou t  of 
365  

Every day,   

user wou l d  l i ke  to  have  
mu l ti p l e  hou r energy supply 
at  constant  vol tages  wi th  
several  appl i ances  on ,  
s imu l taneousl y  

and  

X 

  

 

 

X  

 

X  

 

 

 

T3 I  

 

T5 I  

 

 

 

T3C 

 

T5C 

Commi tment to  supply:  

 

 

– the  quanti ty of subscri bed  
power/energy defi ned  for a  period  
of one  month ,  one  week,  for a  
number of n  mon ths  ou t  of 1 2 ,  
n  weeks  ou t  of 52  or n  d ays  ou t  of 
365  

requ i res  energy even  i n  
adverse  cl imati c  cond i ti ons  

and  

X X X T4 I  T4C – adequate  fuel  source(s)  and  
su ffi cien t  fuel  s torage  capabi l i ti es  to  
support  genset operations   

NOTE  Renewabl e  based  systems  wi l l  
requ i re  l ess  fuel  than  non -renewabl e.  

accepts  to  have  energy on ly 
du ri ng  defi ned  periods  i n  
the  day 

X X X T6 I  T6C – service  avai l abi l i ty over fi xed  time  
periods  

or 

wou l d  l i ke  to  have  energy 
24  h /day 

Same  solu ti ons,  bu t  d i fferent  s i zi ng  and  
operati ng  cond i ti ons  

Same  as  above,  bu t  

24  h  service  avai l abi l i ty  

NOTE  I n  th i s  presentati on ,  poss ible  system  fa i l u res  do  not  account  as  days  of unavai l abi l i ty.  

Unava i l abi l i ty i s  here  considered  ei ther l i nked :  

– to  system  main tenance,  or 

– to  generator ( i f one  exi sts)  overhau l ,  or 

– to  cl imati c  trouble  (number of consecu ti ve  days  wi th  no  sun  or wi nd ).  

 

6 Electri fication  systems archi tecture  

6.1  General  

This  C lause  presen ts  the  arch i tecture  of the  s ix system  types  defined  in  the  typology in  
Table  4 .  
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6.2  General  presentation  of i solated  electri fication  systems  

6.2. 1  General  

I n  general  i so lated  electri fication  system  can  be  broken  down  i n to  th ree  parts:  

a)  energy production  subsystem ;  

b)  energy d istribution  subsystem ;  

c)  energy appl ication  subsystem .  

6.2.2  Production  subsystem  

The production  system  comprises  equ ipment for:  

•  generating  e lectrici ty,  suppl ied  by:  

– renewable  energ ies  such  as  the  sun  or wind ,  h ydro,  b iomass  (photovol ta ic panels ,  
wind-turb ines) ;   

– fossi l  energy (gas-oi l ,  motor sp i ri t,  kerosene)  used  as  fuel  for a  generator set.  

•  s torage  of e lectric  energy.  

•  convers ion /transformation  of energy by converters:  

– DC  / DC convertors ;  

– AC  /  DC (recti fi ers);  

–  DC  / AC ( i nverters) .  

•  protection  of persons  and  goods  by:  

– ci rcu i t-breakers;  

– fuses;  

– neu tral  and  earth ing  control  devices.  

•  management of energy by:  

– bas ic  regu lators  wi thou t energy management systems;  

– energy management systems  (may include  mon i toring  capabi l i ty and  remote  access).  

Certa in  parts  of th is  equ ipment may be  p laced  in  boxes,  cabinets  or other ed i fices  also  
compris ing  functions  such  as  venti l ation  or a larm  systems.  

6.2.3  Distribution  subsystem  

The d istribu tion  subsystem  comprises  the  equ ipment for d istribu ting  the  energy i n  the  form  of 
a l ternating  or d i rect curren t from  the  production  subsystem  to  the  demand  subsystem .  I t  
comprises:  

•  distribution  equ ipmen t:  

– swi tchboards,  cabinets ,  etc.  

•  energy transmission  equ ipment:  

– cables  (overhead  or underground) ;  

– poles;  

– protection .   

•  instrumentation  equ ipment.  

NOTE  Th is  subsystem  i s  defi ned  on l y for col l ecti ve  e l ectri fi cation  systems.  

6.2.4  User or appl ication  subsystem  or demand  subsystem  

This  subsystem  cons ists  of a l l  the  equ ipment us ing  the  energy:  
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•  the  user power suppl y box ( i nclud ing  metering  and  safety equ ipment) ;  

•  the  i n ternal  wi ri ng  i nstal lation ;  

•  the  demand  appl iances  i nclud ing :  

– receivers  operating  on  DC;  

– receivers  operating  on  AC.  

6.3  Combin ing  subsystems  

I n  the  most bas ic form ,  a  rural  m icropower p lan t can  be  made up  of mu l ti p le  energy 
production ,  d is tribution  and  appl ication  subsystems  as  shown  i n  F igure  3 .  The  d istribution  
subsystems  make up  the  common  connection  between  d istinct production  subsystems  and  
d isti nct appl ications  subsystems.  I n  most cases,  the  d istribution  subsystems wi l l  be  speci fied  
for AC  suppl y qual i ty.  

Because  of the  requ irement that mu l ti p le  AC supplying  production  subsystems  shal l  be  able  to  
main tain  consisten t AC qual i ty of supply,  the  most s imple  form  of ru ral  m icropower plant wi l l  
con tain  one  production  subsystem ,  one  d istribu tion  subsystem  and  one  appl ication  subsystem  
i tsel f made up  of mu l tip le  users .  However,  mu l ti p le  production ,  d istribution  and  appl ication  
subsystems are  encompassed  by th is  document.  

The  speci fic functional  d iagrams  addressed  in  the  Annexes  A to  E  address  a  s i ng le  production  
subsystem  wh i le  the  complexi ties  of combinations  of mu l ti p le  production ,  d is tribu tion  and  
appl ication  subsystems  i s  addressed  i n  I EC  TS  62257-1 2 .  

For a  g lossary of symbols,  see  Table  E . 1 .  
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Source  Source  Source  

Source  Source  

User User User 

Production  

subsystem  

User 

subsystems  

User 

User 

AC distribution  

subsystems  

GS  

AC  

REN  

AC  

REN  

GS  

DC  

REN  

Other Other 

Other 

Source examples  

Production  

subsystem  

National  grid  

IEC   

Figure  3  – General  configuration  of an  electri fication  system  

IEC 600/04  
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6.4  Functional  d iagrams  

Annex E,  an  in formative  Annex,  i n troduces  suggested  d iagrams  that cou ld  be  considered  as  a  
fi rst step  to  implement e lectri fication  systems as  s impl y as  poss ib le ,  referring  to  the  general  
configuration  as  i l l ustrated  i n  6. 3 .  

The  d iagrams  shown  i n  F igures  E . 1  to  E . 1 8  are  functional  d iagrams and  not e lectrical  
d iagrams.  

They are  h i gh l y general  i n  nature  and  capable  of adapting  to  a  wide  variety of s i tuations.  I n  
particu lar,  they do  not suggest ownersh ip.  

The  in ten tion  is  to  provide  these  functional  d iagrams  as  examples  of systems capable  of 
be ing  used  th roughout the  world ,  both  i n  developed  and  developing  countries.  The  systems 
can  be  fu rther sub  categorised  us ing  the  quanti ty and  qual i ty of suppl y performance ind icators  
as  g i ven  i n  Annex C.  The  quan ti ty and  qual i ty of suppl y determ ines  the  d imensions  of the  
d i fferent parts  of the  system:  generators,  s torage,  cu t-off poin ts,  types  of protection ,  e tc.  

The  swi tch  poin ts  i nd icated  on  the  d iagrams are  common-purpose,  wi th  no  i nd ication  as  to  the  
speci fic type  of swi tchgear to  be  used .  

The  l im i ts  between  the  subsystem  types  (production ,  d istribution ,  demand /appl ication)  are  
drawn .  

I nd ividual  E lectri fication  Systems  ( I ES)  for s i ng le  users  incorporate  two subsystems:  

•  an  electrical  power production  subsystem ;  

•  a  demand  subsystem  for u ti l i zing  th is  electrica l  power.  

Col l ecti ve  E lectri fication  Systems (CES)  for mu l tip le  users  i ncorporate  three  subsystems:  

•  an  electrica l  power production  subsystem  (m icropower p lan t) ;  

•  a  d istribu tion  gri d  for sharing / th is  power to  i nd ividual  users  (m icrogrid ) ;  

•  a  demand  subsystem  i nclud ing  i n -home wiring  and  user’s  e lectrical  appl i ances  for a l l  
i nd ividual  users.  

These  subsystems  may correspond  to  systems operated  and  maintained  by d i fferent persons  
or bod ies.  I n  certain  cases,  the  enti re  system  may be  owned ,  operated  and  used  by the  same 
person .   

Persons  or bod ies  who  may have  the  task of operating  such  systems can  choose best su i ted  
type  of suppl y system.  

Typical l y,  such  suppl y options  may be:  

•  de l i very of DC  power;  

•  de l i very of AC  power,  wi th  the  i nverter form ing  part of the  production  subsystem ;  

•  de l i very of power i n  two forms  (AC and  DC);  

•  a  s i ng le  del i very poin t  (AC or DC) ;  

•  several  de l i very poin ts.  

6.5  Related  references  

I n  I EC  TS  62257-9  there  i s  a  proposal  for a  standard  abou t house  wi ring  for l ocations  wi th  no  
existi ng  standards.  
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6.6  Limits  between  production ,  d istribution  and  demand/appl ication  subsystems  

Where there  are  several  d i fferent operators,  they may choose to  set the  suppl y modes  for 
thei r respective  areas  of action  that they consider the  best su i ted  to  them,  taking  i n to  
cons ideration  the  priori ti es  they themselves  set,  namely:  

•  a  s i ng le  del i very poin t;  

•  several  de l i very poin ts ;  

•  de l i very i n  DC  form ;   

•  de l i very i n  AC form ;  

•  a  back-up  set form ing  part of the  appl ication  subsystem ;  

•  etc.  

NOTE  Del i very at  a  s tandard  vol tage  yet  to  be  defi ned  (DC vo l tage  of 24  V,  AC vo l tage  of 230  V,  for i nstance)  
impl i es,  i n  certa in  cases,  that  certai n  converters  be  taken  over by the  production  system  operator.  

I n  des ign ing  the  systems,  i t  shou ld  be  poss ib le  when  working  on  i nsta l lations,  to  appl y the 
safety ru les  sti pu lated  by the  standards  appl icable  i n  the  countries  concerned  or,  fai l i ng  th is ,  
ru les  set by the  owner or l ocal  operator.  

6.7  Summary of the  d i fferent electri fication  system  types  

Table  6  summarizes  the  main  functional  characteristics  of the  d i fferen t types  of i solated  
e lectri fication  systems.  

Table  6  – Recapi tu lation  of characteristics  of d i fferent  types   
of i solated  electri fication  systems  

Electri fi cation  
system  

System  
type  

Production  system  Conversion  Coupl ing  Appl ication  

  REN  Storage  Generator 
set  

 REN/group 
synchron-

ous  
coupl ing  

DC  AC  Dedic
ated  
AC  

REN  i n -sync 
process  suppl y 
systems and  
Ind ividual  

systems (IES)  

T1 I -a            

T1 I -b            

T1 I -c             

T1 I -d             

T2 I               

T3 I             

T4I                 

Col lective  
systems  (CES)  

T1C  Consi dered  as  non -relevant  

T2C              

T3C-a                

T3C-b                

T4C                

T5C            

T6C              

 :   Equ ipment present.   
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Annex A 
(informative)  

 
Stages  of a  socio-economic study 

A.1  General  

This  annex briefl y presents  the  principal  steps  to  be  fo l l owed  when  carrying  ou t a  socio-
econom ic survey or study i n  decentral i zed  rural  e l ectri fication .  Depend ing  on  the  type  of 
proj ect considered ,  the  stages  to  be  fo l lowed  may vary s l igh tl y or be  optional .  See  a lso  
Clause  4.  

F igure  A. 1  i s  an  example  of what cou ld  be  done.  

 

Preparation  phase on 
governmental  and  
regional  level  

Type of vi l lage and  
choice of sample  

Drawing up of questionnaires 
Choice and  training  of surveyors 
Choice of a sample of surveyees  

Conducting survey  

Study of results and 
statistical  analysis  

Extrapolation of the results  

IEC 
 

Figure A. 1  – F lowchart  of the  stages  of a  socio  economic study 

A.2  Preparation  phase  

When  a  rural  e lectri fication  project i s  to  be  set  up,  a  prel im inary anal ysis  of the  general  
characteristics  of the  zone  shou ld  be  made  before  l aunch ing  exploratory tri ps .  Th is  anal ys is  
shou ld  l ook at the  factors  that characterise  the  zone  such  as  the  geograph ica l  s i tuation  and  
the  pol i tical  system ,  the  national  energy s i tuation  and  the  d i fferen t sources  of energy,  and  the  
econom ic s i tuation .   

To  supplement th is  data  and  to  understand  the  local  con text optimal l y,  i t  i s  recommended  to  
make a  fi rst exploratory tri p.  
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A.3  Drawing  up of the  questionnaires  – choice  of surveyors  and  choice of 
sample   

Surveys  a l low the  col lection  of data  necessary for the  setti ng  up  of a  decentral i zed  rura l  
e lectri fication  project.  The  qual i ty of the  surveyors  determ ines  to  a  l arge  extent the  re l i abi l i ty 
and  exacti tude  of the  data  col l ected .  I t  i s  therefore  preferable  to  make use  of surveyors  who  
are  used  to  participati ng  i n  fie l d  surveys  i n  rura l  areas.  I n  add i tion ,  i n  some coun tries  several  
l anguages  or d ia lects  are  used  and  i t  i s  necessary to  have  surveyors  fl uen t  in  the  l anguage(s)  
used  i n  the  vi l l ages  concerned .  

The  re l iabi l i ty of the  extrapolation  of the  resu l ts  to  the  whole  of the  vi l lage  or vi l l ages  strong l y 
depends  on  the  qual i ty of the  sample  and  i t ’s  representation .  Th is  supposes  that the  s i ze  of 
the  sample  be  sufficient,  and  that the  sample  i ncludes  the  various  geograph ica l  and  socio-
econom ic s i tuations  encountered  i n  the  zone  concerned .  

A.4  Conducting  the survey – Analysis  of the  resul ts  

The questionnai res  shou ld  be  created  by professional  operators ,  often  recru i ted  i n  l ocal  or 
national  statistical  organ izations.  To  avoid  errors ,  a  backup can  be  made.  Treatment of the  
data  shou ld  a l l ow e l im ination  of incons isten t answers.   

A.5  Extrapolation  of the  resul ts  

Since  on l y a  sample  of the  popu lation  i s  su rveyed ,  the  resu l ts  shou ld  then  be  extrapolated  to  
the  whole  of the  vi l lage.  

The  corrected  data  is  then  treated  to  determ ine  the  statis tica l  data  necessary for the  rest of 
the  project;  i npu t for the  techn ica l ,  fi nancial  and  organ izational  stud ies  are  avai l able.  The  
survey resu l ts  g i ve,  for each  survey,  curren t expend i tu res  i n  energy (ass im i l ated  to  the  
capaci ty to  pay),  the  choice  of an  energy service  and  the  wi l l i ngness  to  pay.  Th is  data  a l l ows  
an  evaluation  of the  solvable  demand  for each  su rvey.  
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Annex B  
(informative)  

 
Analysis  of the  type  of receivers  instal led  versus  types  of use and  

demonstrating  seasonable  variabi l i ty (where  appl icable)  

B.1  Domestic use  

B.1 . 1  General  

See  a lso  Clause  5.  

NOTE  The  fol l owing  data  i s  l i s ted  for g u idance  and  concerns  vi l l ages  l ocated  i n  d eveloping  countries .  
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B.1 .2  U ti l i sation  – Example  1  

 
 

Category I  
( l i gh ti ng  and  
aud i o/vi deo)  

Category I I  
(category I  +  freezer(s)  +  househol d  

appl i ances)  

Category I I I  
(category I I  +  wash ing  
mach ine,  odd  j obs)  

 Total  dai l y energy (Wh/day)  90  280  400  590  880  970  1  030  1  1 20  1  680  2  730  2  830  3  1 80  

 
Equ ipment  Un i t  power 

(W) 
Qty.  Operati ng  

du ration  
(h /day)  

I nstal l ed  
appl i ances  

(W) 

Dai l y 
energy 
(Wh/day)  

            

L i ghting  Lamps  1 0  3  3  30  90  1   1   1   1   1     

  1 0  6  3  60  1 80   1   1   1   1   1  1  1  

 Rad io  20  1  5  20  1 00   1  1  1  1  1  1  1  1  1  1  1  

Aud io/video  TV 70  1  3  70  21 0    1  1  1  1  1  1  1  1  1  1  

 Video  50  1  2  50  1 00     1    1  1    1  1  

Cold  Refri gerator  80  1  6  80  480      1  1  1  1  1  1  1  1  

 Freezer 1 60  1  6  1 60  960           1  1  1  

 Househol d  
appl i ances  

1 00  1  0 , 5  1 00  50        1  1  1  1  1  1  

Comfort  Wash ing  
mach ine  

500  1  1 , 5  500  750          1  1  1  1  

 Odd  j obs  700  1  0 , 5  700  350             1  

Total  i nstal led  power P
i ns t

 (W)  30  80  1 20  200  200  230  350  380  800  990  1  040  1  740  
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B.1 .3  U ti l i sation  – Example  2  

 Category I  
( l i gh ti ng  and  
aud i o/vi deo)  

Category I I  
(category I  +  freezer(s)   
+  househol d  appl i ances)  

Category I I I  
(category I I  +  wash ing  
mach ine,  odd  j obs)  

Total  dai l y energy (Wh/day)  1 80  560  730  1  01 0  1  21 0  1  390  1  360  1  540  2  01 0  3  1 50  3  250  3  600  

 
Equ ipment  Un i t  power 

(W) 
Qty.  Operati ng  

du ration  
(h /day)  

I nstal l ed  
appl i ances  

(W) 

Dai l y 
energy 
(Wh/day)  

            

L i ghting  Lamps  1 0  3  6  30  1 80  1   1   1   1   1     

  1 0  6  6  60  360   1   1   1   1   1  1  1  

 Rad i o  20  1  1 0  20  200   1  1  1  1  1  1  1  1  1  1  1  

Audio/video  TV 70  1  5  70  350    1  1  1  1  1  1  1  1  1  1  

 Video  50  1  2  50  1 00     1    1  1    1  1  

Cold  Refri gerato
r 

80  1  6  80  480      1  1  1  1  1  1  1  1  

 Freezer 1 60  1  6  1 60  960           1  1  1  

 Househol d  
appl i ances  

1 00  1  0 , 5  1 00  50        1  1  1  1  1  1  

Comfort  Wash ing  
mach ine  

500  1  1 , 5  500  750          1  1  1  1  

 Odd  j obs  700  1  0 , 5  700  350             1  

Total  i nstal l ed  power P
i nst

 (W)  30  80  1 20  200  200  230  350  380  800  990  1  040  1  740  

 

NOTE  These  tables  are  on l y examples  and  of course  i t  i s  possib le  to  use  any re l evant appl i ances,  or combinati on  of app l i ances,  match ing  the  ava i l ab le  power.   
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B.2  Analysis  of the  type of receivers  versus  usage types  

B.2. 1  General  

Col lecti ve  use  

NOTE  Th is  data  i s  shown  for gu idance  and  concerns  vi l l ages  of developing  coun tries.  

B.2.2  Heal th  and  care  centre   

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Lamps  1 0  3  6  30  1 80  

Refri gerator 80  1  6  80  480  

Steri l i zer 400  1  0 , 5  400  200  

    Energy/day 
(Wh/day)  

1 0  200  

    Pi ns t  (W)  51 0  

 

Sizing  shou ld  accoun t for the  powers  ca l l ed  for on  s tarting  up  generator motors  ( i f such  
motors  exist) .  

B.2.3  Worship  places  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Lamps  1 0  3  2  30  60  

M icrophone  +  
P.A.  ampl i fi er 

50  1  1  50  50  

    Energy/day 
(Wh/day)  

1 1 0  

    Pi nst  (W))  80  

 

B.2.4  Commun ity centre  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Lamps  1 0  4  6  40  240  

TV 70  1  5  70  350  

Rad i o  20  1  5  20  1 00  

    Energy/day 
(Wh/day)  

690  

    Pi ns t  (W)  1 30  
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B.2.5  School  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Lamps  1 0  6  6  60  360  

    Energy/day 
(Wh/day)  

360  

    P
i ns t

 (W)  60  

 

B.2.6  Admin istrative  premises  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Lamps  1 0  2  6  20  1 20  

    Energy/day 
(Wh/day)  

1 20  

    Pi ns t  (W)  20  

 

B.2.7  Commun ication  system  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

System  1 00  1  2  1 00  200  

    Energy/day 
(Wh/day)  

200  

    Pi ns t  (W)  1 00  

 

B.2.8  Publ ic  l ighting  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Lamps  1 8  30  6  540  3  240  

    Energy/day 
(Wh/day)  

3  240  

    Pi ns t  (W)  540  

 

B.2.9  Pumping  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Pump 1 500  4  1 2  6  000  72  000  

    Energy/day 
(Wh/day)  

72  000  

    Pi ns t  (W)  6  000  
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B.2. 1 0  Battery charg ing  station  

Equ ipment Un i t power Quanti ty Operating  
duration  

I nstal l ed  
appl iances  

Related  dai l y 
energy 

 (W)   (h /d )  (W) (Wh/d )  

Charger 500  1  1 0  500  5  000  

    Energy/day 
(Wh/day)  

5  000  

    Pi ns t  (W)  500  
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Annex C  
(informative)  

 
Supply qual i ty indicators  for isolated  electri fication  systems 

Table  C. 1  g i ves  speci fic  values  of the  suppl y qual i ty.  See  a lso  Clause  5.   

Table  C . 1  – Combined  categorization  

 Power qual i ty i nd icators  

Requ irement 
class  

Speci fi ed  
duration  of 
service  a)

 

Speci fi ed  suppl y 
avai l abi l i ty 
(%/year)  

Requ i red  power qual i ty 

 (h /day)  1  2  3  1  2  3  

A =  24  h        

B  1 6  ≤  h  <  24        

C  8  ≤  h  <  1 6  ≥  99  ≥  98  ≥  95   ±∆U  ≤  1 0  %  UN  

 ±∆f ≤  1  Hz  
THD  ≤  3  %  

 ±∆U  ≤  1 5  %  UN  

 ±∆f  ≤  2  H z  
THD  ≤  5  %  

 ±∆U  ≤  20  %  UN  

 ±∆f  ≤  3  H z  
THD  ≤  1 0  %  

D  4  ≤  h  <  8        

E  h  <  4        

F  Systems  requ i ri ng  power qua l i ty i nd icators  e i ther above  or be l ow these  va lues  may be  speci fi ed  
accord i ng  to  special  requ i rements .   

UN :  the  r.m . s.  vol tage  at  a  g i ven  time  at  the  suppl y term inal s ,  measured  over a  g i ven  i n terval .  

f:  the  nom inal  frequency of the  suppl y vo l tage  UN  shou ld  be  f.  Under normal  operati ng  cond i ti ons  the  mean  

val ue  of the  fundamental  frequency measured  over 1 0  s  shou l d  be  wi th i n  the  range  of f ±  ∆f.  

a)  S tart  t ime  and  end  time  of the  period  for the  du rati on  of servi ce  shou ld  be  implemented  i n  the  contract.  

 

Final l y,  the  service  provided  wi l l  be  a  combination  of quanti tati ve  and  qual i tati ve  requ irements  
to  fu l fi l  the  user’s  power and  energy needs:   

I n  reference to  Table  3  and  Table  C. 1 ,  RE  systems wi l l  be  speci fied  as  fol l ows:   

Service  X =  (power-energy category combined  wi th  qual i tative  class)  

As  an  example,  Table  C. 2  i l l ustrates  the  con tent  of a  speci fication  of a  Cat 1 -D1 3  service:   

Table  C .2  – Service  specification  (example)  

Cat 1  D  1  3  

Maximum  
ava i l able  
power 
demand :   

P  ≤  1 00  W Weekly average  service  
provi d i ng  energy 4  h  per 
day,  as  a  maximum.  

Service  provided  for more  
than  99  %  of the  year 

 ±∆U  ≤  20  %  U
N
,  

 ±∆f  ≤  3  H z,   

THD  ≤  1 0  %  

Average  
energy 
provi ded  over 
24  h  

E  ≤  0 , 5  kWh     
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Annex D  
(informative)  

 
Assisted  selection  of production  subsystem  

D.1  Characteristics  of possible  production  subsystems  

The various  production  subsystems envis ioned  for Decentral i zed  Rural  E lectri fication  (DRE),  
are  shown  i n  Table  D . 1  be low.  See  a lso  Clause  5.  

Table  D . 1  – Principles  and  characteristics  of production  subsystems  

Principle  Remarks  Production  characteri stics  

Production  wi thou t  storage  The  production  i ssued  from  
renewabl e  energ ies  a l one  i s  errati c  
and  depends  on  cl imati c  cond i ti ons.  

The  avai l abi l i ty from  a  genset  a l one  
can  be  operated  i n  accordance  wi th  
the  demand .  

Time  dependent  

On  demand  

Production  wi th  short  term  energy 
storage  

I n  th i s  case,  the  storage  associ ated  
wi th  REs  i s  l im i ted  to  a  l ow capaci ty 
bu ffer s torage.   

Th i s  short-term  energy s torage  i s  
used  both  for setti ng  vol tages  to  
users  requ i rements  and  
compensati ng  for production  troubl e  
as  may occur du ri ng  the  generator 
start-up  period .  The  s torage  i s  not  
designed  for the  storage  of RE  
produced  energy.  

Rig i d  

Production  wi th  l ong  term  energy 
storage  

I n  th i s  production  mode,  s torage  i s  
combined  wi th  RE,  hence  provi d i ng  
fl exi b i l i ty compared  to  the  previous  
solu ti ons.  Because  of cl imati c  
problems,  i t  may occur that  th i s  type  
of system  wi l l  be  unavai l abl e  
several  days  per year.  

I n  th i s  confi gu rati on ,  suppl y 
problems  can  occur several  d ays  
per year.  

F l exi ble  

 Wi th  a  generator set,  any poss ible  
unavai l ab i l i ty due  to  cl imati c  
problems  i s  removed .  Here  supply i s  
secured .  

 

 

D.2  Assisted  selection  of a  decentral ized  production  system  sui ted  to  the  
requirement 

I f the  user is  satisfied  wi th  a  suppl y of energy per week or per month  and  there  is  no  user’s  
demand  regard ing  the  qual i ty of the  suppl y,  a  production  of Renewable  Energ ies  as-they-go 
(REs  a lone)  wi l l  be  su i table .  

I n  case  the  user desi res  a  dai l y suppl y and  l i kewise,  accepts  that h is/her system  wi l l  be  
unavai l able  several  days  per year because  of cl imatic hazards,  a  solu tion  combin ing  a  storage  
and  REs  wi l l  be  su i table.  

I f the  user des i res  a  dai l y suppl y and  l ikewise,  wants  to  be  fu l l y protected  against cl imatic 
hazards  (mean ing  a  generator set  i s  provided  or overs ized  RE  and  storage  exist) ,  several  
so lu tions  may be  su i table:  
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•  One  generator set a lone  ( i n  case  of mu l tip le  user systems)  or a  mu l ti  sources  solu tion  
(generator set  +  REs)  wi th  synchronous  coupl i ng  and  buffer s torage  (generator set 
associated  wi th  a  pseudo-as- i t-goes  production  of REs).  I n  th is  case,  provis ions  shou ld  be  
made to  make sure  the  user accepts  to  be  suppl ied  accord ing  to  predeterm ined  time 
zones.  

•  A production  wi th  s torage  e i ther i nclud ing  a  generator a lone  or,  a  mu l ti -source  production  
(generator set +  REs)  or,  REs  i n  wh ich  case  both  REs  and  storage  shou ld  be  oversized .  
These  solu tions  wi l l  provide  the  user wi th  fl exibi l i ty for u ti l i zing  h is/her system .  The  
a l l ocated  energy can  be  consumed  by the  user at h is/her own  d iscretion  over a  cycle  of 
24  h .  

F igure  D. 1  summarizes  the  se lection  process  of the  appropriate  production  sources  that are  
recommended  as  re levant wi th  the  user’s  requ irements.  

  U ser requests  a  g i ven  resu l t  of 
process  over a  g i ven  peri od ;  no  

qual i ty requ i rement 

  Every day,  user wou l d  l i ke  to  have  mu l ti p l e  
hou r energy suppl y at  constant  vol tage   

wi th  several  appl i ances  on ,  s imu l taneousl y  

  

                          

U ser’ s  
requ i rements  

                       

                          

        U ser requ i res  energy even  
i n  adverse  cl imati c  

cond i ti ons  

  User accepts  a  l ack of energy due  to  
adverse  cl imati c  cond i ti ons  

                          

                          

    User accepts  to  have  energy on ly 
du ri ng  defi ned  periods  i n  the  day 

 User wou l d  l i ke  to  have  energy 
24  h /day 

    

                          

Offer rel ated  
constrai n ts  
accounted  for 
by the  user 

                       

                          

Poss ible  
production  
subsystems 

                       

                          

 

 

 

 

 

REN  a l one  

 

 

 

 

 

  

Generator a l one  

 

Generator +  s torage  

 

Generator +  REN  

 

Generator +  REN  +  s torage  

 

 

 

 

 

 

=  

 

 

 

 

Same solu ti ons  wi th  
d i fferent  s i zi ng  and  
operati ng  cond i ti ons  

 

  

 

 

 

 

REN  +  s torage  

T1   T5,  T6,  T3 ,  T4   T5,  T6 ,  T3 ,  T4   T2  

IEC 

Figure D. 1  – Better adequacy of production  subsystems  solutions   
wi th  supply avai labi l i ty and  dai ly duration  of service   
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Annex E  
(informative)  

 
Functional  d iagrams 

E.1  Glossary of symbols  

See  a lso  Clause  6 .  

Table  E. 1  – Glossary of symbols  

Symbol  IEC  6061 7  Reference  Description  Speci fic  note  

 

I EC  6061 7-2-S00059  
(DB: 2001 -7)a)

 
Object  (equ i pment,  functional  
un i t,  component)  

Su i tabl e  l egends  shou l d  be  
i nserted  i n  or added  to  the  
symbol  ou tl i ne  to  i n d icate  the  
type  of obj ect  

For example:  

   

  

DC generator us i ng  
renewabl e  energy 

   

  

AC  generator us ing  
renewabl e  energy 

 

I EC  6061 7-6-S0081 9  
(DB: 2001 -7)a)  

Synchronous  generator Al ternati vely genset  
(synchronous  generator of the  
genset)  

 

I EC  6061 7-6-S00894  
(DB: 2001 -7)a)  

Recti fi er  

 

I EC  6061 7-6-S00896  
(DB: 2001 -7)a)  

I nverter  

 
I EC  6061 7-3-S0001 7  
(DB: 2001 -7)a)  

Term inal   

 
I EC  6061 7-2-S001 54  
(DB: 2001 -7)a)  

Mechan ica l  i n terlock between  
two  devices  

 

 

I EC  6061 7-6-S01 342  
(DB: 2001 -7)a)  

Battery of secondary cel l s   

 
I EC  6061 7-S01 41 0  
(DB:  2001 -1 1 )  a )  

Frame,  chassis   

 

I EC  6061 7-2-S00200  
(DB: 2001 -7)  a)  

G round  (earth ),  general  
symbol  

 

 

I EC  6061 7-7-S00227  
(DB: 2001 -7)  a)  

Genera l  symbol  for a  swi tch ,  
make  con tact  

 

 

I EC  6061 7-7-S00229  
(DB: 2001 -7)  a)  

B reak con tact   

 

I EC  6061 7-7-S00373  
(DB: 2001 -7)  a)  

L i gh tn i ng  arrester  

a)  ”DB”  refers  to  the  I EC on -l i ne  database,  avai l able  at  <h ttp: //std . i ec. ch/iec6061 7>.  

 

DC

REN

AC

REN

GS
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E.2  Archi tectures  of systems 

E.2.1  Type T1 I :  REN  Systems operating  wi th  no  storage ( in  sync with  solar,  wind  or 

water energy sources) 3  – REN  production  

Th is  type  of system  is  primari l y i n tended  for supplying  processes  in  s i tuations  where  i t  i s  not  
desi red  or possib le  to  s tore  the  electrical  energy.  Examples  of appl ication :  pumping  of water,  
ven ti lation  of prem ises,  etc.  

Several  cases  can  be  envisaged ,  depend ing  on  the  type  of production  source  (photovol ta ic or 
wind-turbine)  and  the  type  of appl ication  equ ipment to  be  suppl ied  (AC or DC).  The  cases  
shown  i n  Table  E. 2  can  be  d isti ngu ished .  

Table  E.2  – List  of cases,  type  T1 I  

Type  F igure  number Source  Appl ication  

T1 I -a  F i gu re  E . 1  DC  

For example:  PV 

DC  

T1 I -b  F i gu re  E . 2  AC 

For example:  wind -tu rbi ne  

AC 

T1 I -c  F i gu re  E . 3  DC  

For example:  PV 

AC (convers ion )  

T1 I -d  F i gu re  E . 4  AC 

For example:  wind -tu rbi ne  

DC (conversi on )  

 

___________ 

3   " i n  sync" :  when  REN  sou rces  are  avai l ab le.  
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Equipment site 

Energy 
manager 

DC 
loads 
 

DC 
REN 

IEC  

DC 
loads 
 

DC 
REN 

 

Figure E.1  – Type T1 I -a  system  
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Equipment site 

Energy 
manager 

AC 
loads 

AC 
REN 

IEC  

AC 
REN 

AC 
loads 

 

Figure E.2  – Type T1 I -b  system   
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Equipment site 

Energy 
manager 

DC 
REN 

AC 
loads 

IEC  

AC 
loads 

DC 
REN 

 

Figure E.3  – Type T1 I -c  system   
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Equipment site 

Energy 
manager 

AC 
REN 

DC 
loads 

IEC    

AC 
REN 

DC 
loads 

 

Figure E.4  – Type T1 I -d  system   

E.2 .2  Type T2 I :  Ind ividual  electri fication  systems  – REN  production  with  energy 
storage  

This  type  of system ,  i l l u strated  by F igure  E. 5,  i s  primari l y in tended  for users  who  speci fy 
having  e lectric power when  the  sun  i s  not sh in ing  or the  not wind  b lowing .  Accord ing l y,  the  
system  shou ld  have  a  capabi l i ty of storing  energy.  However,  the  user does  not speci fy a  back 
up  suppl y and  accepts  that l im i ted  storage  wi l l  mean  that some times  wi l l  occur when  the  
suppl y fai l s) .  

The  demand  appl iances  shal l  have  equ ipment adapted  to  the  appropriate  vol tage  (for example  
DC vol tage  of 24  V or AC vol tage  of 230  V) .  Where  necessary,  the  system  shou ld  take  i n to  
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cons ideration  the  constra in ts  speci fic to  d i rect curren t:  power sockets,  protection  devices,  
earth ing ,  etc.  

The demand  appl iances  may operate:  

•  on  DC on l y;  

•  on  AC  on l y;  

•  d ual  DC/AC.  
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Charge 
control ler 

Discharge 
protection  

Equipment 
site 

DC AC 

Cl ient 
site 
 

Production  
sub-system 

User 
sub-system 

Storage 

DC 
REN 

DC bus 

DC 
REN 

AC 
REN 

Discharge 
protection  

IEC  

Figure E.5  – Type T2 I  system  

International  Electrotechnical  Commission

 



 – 46  – I EC TS  62257-2 :201 5  © I EC  201 5  

 

E.2.3  Type T3 I :  Ind ividual  electri fication  systems:  (REN  +  d iesel )  production  wi thout  
energy storage  

Table  E.3  – List  of cases,  type  T3 I  

Type  F igure  number Source  Appl ication  

T3 I -a  F i gu re  E . 6  DC  

For example:  PV 

DC  

T3 I -b  F i gu re  E . 7  AC 

For example:  wind -tu rbi ne  

AC 

 

I n  such  systems,  there  i s  no  energy storage,  bu t a  m in imum  storage  equ ipment i s  requ i red  to  
ensure  the  vol tage  l evel .  
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G  
GS 

Charge 
control ler 

 

Production  
sub-system 

Equipment 
si te 

AC 

Cl ient 
site 

User 
sub-system 

Minimum 
storage 

Discharge 
protection  
 

DC 
REN 
 

DC 
REN 
 

IEC 
 

NOTE  M i n imum  storage  i f appl i cabl e.  

Figure E.6  – Type T3 I -a  system   
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GS 

Production  
sub-system 

Equipment 
site 

AC 

Cl ient 
site 

User 
sub-system 

Minimum 
storage 

Discharge 
protection  

AC 
REN 

G AC 
REN 

IEC 

 

NOTE  M i n imum  storage  i f appl i cabl e.  

Figure E.7  – Type T3 I -b  system   
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E.2.4  Type T4I :  Ind ividual  e lectri fication  systems:  (RE  +  d iesel )  production  with  
energy storage  

This  type  of system,  i l l u strated  by F igure  E. 8  can  meet energy requ irements  whether or not  
offset wi th  relation  to  the  production  periods  of renewable  energy sou rces  The  presence of a  
back-up  set wi l l  provide  the  user wi th  energy i n  unfavourable  meteorolog ical  cond i tions  
wi thout wh ich  storage  wou ld  be  unavai lable  or an  over-d imensioned  system  wou ld  be  
requ i red .  

Two  types  of appl ication  can  be  suppl ied  (DC and  AC).  Where  both  co-exist,  two  separate  
d istribu tion  ci rcu i ts  are  requ i red .  

The  AC appl ication  i s  normal l y suppl ied  from  storage  batteries  through  an  i nverter.  Typical  
reasons  for s tarting  the  generator set wou ld  be:  

•  period ica l  recharg ing  of the  batteries  (main tenance,  equal is i ng  charge) ;  

•  imperative  requ irement to  recharge  batteries  when  the  energy management system  
i nd icates  “ low battery” ;  

•  the  need  to  suppl y user equ ipment when  the  system  is  unavai l ab le.  

The  avai l abi l i ty of the  generator set wi l l  then  enable  a  ded icated  appl ication  to  be  suppl ied  
from  time to  time when  i t  i s  not possib le  or undesi rable  to  do  so  from  renewable  energy 
sources.  

The  appl ications  suppl ied  may operate  on :  

•  DC.  

•  AC.  I n  th is  case,  AC appl ications  can  be  backed  up  by the  set i n  the  event of breakdown  
of the  system .  The  appl i cations  cannot be  suppl ied  s imu l taneously by the  generator set 
and  the  RE  systems.  

•  both  types  (dual  AC/DC suppl y).  AC  type  appl ications  can  be  backed  up  by the  generator 
set  under the  same ci rcumstances  as  above.  

•  both  types,  together wi th  use  of AC cu rrent ded icated  to  the  generator set.  I n  th is  case,  i n  
add i ti on  to  backup  identical  to  that of the  two  previous  types,  the  generator set can  suppl y 
a  ded icated  appl ication .  Where  the  appl ication  requ ires  more  power than  the  RE  system  is  
capable  of provid ing ,  i t  wi l l  be  suppl ied  exclus ivel y by the  back-up  generators  or batteries .  

•  AC.  I n  th is  case,  AC appl ications  can  be  backed  up  by the  set i n  the  event of breakdown  
of the  system .  The  appl i cations  can  be  suppl ied  s imu l taneousl y by the  generator set and  
the  RE  systems.  
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Figure E.8  – Type T4I  system  
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E.2.5  Type T5I :  Ind ividual  electri fication  systems:  genset on ly without storage  

 

F igure  E.9  – Type T5I  system  
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E.2.6  Type T6I :  Ind ividual  electri fication  systems:  genset on ly with  storage  

 

GS 

Production  
sub-system 

Equipment 
si te 

AC 

Cl ient 

si te 

User 
sub-system 

Discharge 
protection  

Storage 

IEC 

 

Figure E.1 0  – Type  T6I  system  
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E.2.7  Type T1C:  Col lective  electri fication  systems:  REN  on ly without storage  

Considered  as  non-relevant system .  

E.2.8  Type T2C:  Col lective  e lectri fication  systems:  REN  M icropower plant  supplying  
a  microgrid  

The type  T2C  systems i l l ustrated  by F igure  E. 1 2  cons ists  of REN  m icropower p lants  featuring  
energy storage suppl ying  a  m icrogrid  to  suppl y power to  a  few users  or even  a  considerable  
number of users  in  concentrated  rural  dwel l ings  (g roups  of houses,  ham lets).  

The  production  sub-system  consists  of generators  (photovol ta ic and /or wind -turbine) ,  
d istribu tion  boards  provid ing  network offtakes  and  converters  for suppl ying  energy at s tandard  
vol tages  (general l y 230  V AC).  

The  d istribu tion  subsystem  also  comprises  offtakes  connected  to  the  d istribu tion  boards  of the  
production  subsystem,  the  overhead  l i nes  or buried  cables  and  the  term inal  del i very boxes  at  
the  user poin ts.  I t  i s  organ ised  i n to  a  rad ia l  s tructu re  i l l ustrated  by F igure  E. 1 1 .   

The  appl ication  subsystem  starts  from  the  term inals  downstream  from  the  user’s  del i very box 
and  comprises  the  i nstal l ations  and  equ ipment of the  user,  operati ng  exclus ivel y on  AC.  

The  general  arch i tecture  of the  g lobal  system  is  i l l ustrated  by F igure  E . 1 1 .  
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Figure E.1 1  – General  arch itecture  of a  m icropower plant  supplying  a  microgrid  
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E.2.9  Type T3C:  Col lective  electri fication  systems:  Mu lti  sources  m icropower p lant 
(RE +  d iesel )  wi thout energy storage,  supplying  a  m icrogrid  

Type T3C systems,  i l l ustrated  by F igure  E . 1 3  and  F igure  E. 1 4  are  d iesel  m icropower p lants  
wi th  synchronous  coupl ing  to  a  system  operating  “ i n  sync”  wi th  renewable  energy sources.  
The  production  subsystem  comprises  a  bu ffer battery the  purpose  of wh ich  i s  to  set the  i npu t 
vol tage  of the  i nverter to  faci l i tate  coupl i ng  and  enable  the  system  to  be  suppl ied  wi th  power 
as  the  generator set runs  up  to  operati ng  speed .  

These  systems suppl y AC appl ications.  

Al l  AC sources  being  d i rectl y coupled  shal l  be  synchron ised  prior to  connection .  

Table  E.4 – List  of cases,  type  T3C 

Type  F igure  number RE  source  Appl ication  

T3C-a  F igu re  E . 1 3  DC  

For example:  PV 

AC 

T3C-b  F igu re  E . 1 4  AC 

For example:   
wi nd -tu rbi ne  

AC 

 

The d istribu tion  and  appl ication  subsystems  have  the  same structure  as  the  type  T2C 
systems.  
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Figure E.1 3  – Type  T3C-a  system  
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Figure E. 1 4 – Type  T3C-b  system  
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E.2.1 0  Type T4C:  Col lective  electri fication  systems:  Mu l ti  sources  m icropower plant 
(RE +  d iesel )  wi th  energy storage supplying  a  microgrid  

Type T4C systems,  i l l ustrated  by F igure  E. 1 5  and  F igure  E. 1 6,  cons ists  of h ybrid  m icropower 
p lants  (RE  +  d iesel )  wi th  energy storage  suppl ying  a  m icrogrid  the  purpose  of wh ich  i s  to  
provide  energy to  a  few users  or a  l arge  number of users  concentrated  i n to  nearby (rural )  
dwel l i ngs.  These  systems  comprise  a  back-up  source  the  m in imum  function  of wh ich  is  
period ical l y to  provide  an  equal isation  charge  for the  batteries .  

The  avai l abi l i ty of a  back-up  generator also  makes  i t  possible  to  secure  the  suppl y for users  
that i t  i s  cri tical  to  have  a  continuous  supply (for example  the  med ical  d ispensary and  vaccine  
refri gerator,  the  school ,  economic and  craft acti vi ties,  commun i ty appl ications  such  as  
d rinking  water or i rri gation).  The  number of users  backed  up  wi l l  affect the  d imensions  of the  
make-up source  and  wi l l  partl y determ ine  the  service  l evel  rendered  by the  m icropower p lan t.  

Acti vi ties  that wi l l  never be  connected  to  a  backup generator wou ld  for example  be  domestic  
appl ications.  The  d istribution  between  backed  up  activi ti es  and  non-backed  acti vi ties  may 
vary wi th  the  needs  and  i n  certa in  cases  tend  to  back up  a  maximum  number of appl ications  
or on  the  contrary none  at a l l .  

The  d istribu tion  and  appl i cation  subsystems have  the  same structure  as  the  type  T2  systems.  

Table  E.5  – List  of cases,  type  T4C 

Type  F igure  number Bus  Appl ication  

T4C-a  F igu re  E . 1 5  DC  AC 

T4C-b  F igu re  E . 1 6  AC AC 
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Figure E.1 5  – Type  T4C-a system  
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Figure E. 1 6  – Type  T4C-b  system  
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E.2.1 1  Type T5C:  Col lective  electri fication  systems:  D iesel  micropower plant  
supplying  a  microgrid  

Type T5C systems,  i l l ustrated  by F igure  E . 1 7,  are  d iesel  m icro-power p lan ts  d i esel  supplying  
a  m icrogrid .  The  on l y energy source  i s  a  generator set d i rectl y suppl yi ng  the  network.  I n  
general ,  the  set runs  during  pre-set time s lots .  

The  d istribu tion  and  appl i cation  subsystems have  the  same structure  as  the  type  T4  systems.  
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Figure E.1 7  – Type  T5C  system   
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E.2.1 2  Type T6C:  Col lective  electri fication  systems:  D iesel  micropower plant  wi th  
energy storage  supplying  a  microgrid  

Type T6C systems,  i l l ustrated  by F igure  E. 1 8,  consist of d iesel  m icropower plants  wi th  energy 
storage  suppl ying  a  m icrogrid .  The  on l y energy source  i s  a  generator set  d i rectl y suppl ying  
the  network wh i ls t s imu l taneousl y charg ing  a  battery.  I n  general ,  the  generator set runs  during  
pre-arranged  time  s lots .  The  battery renders  the  system  independen t ou ts ide  the  periods  
during  wh ich  the  generator set  i s  runn ing .  

The  d istribu tion  and  appl ication  subsystems  have  the  same structure  as  the  type  T2C  
systems.  
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