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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  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  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  sub jects  s i nce  each  techn ical  commi 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  exten t  possib le  i n  thei r national  and  reg i onal  publ i cations.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

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

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

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

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

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

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

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

•  the  subject i s  sti l l  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 62257-4,  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 tion  cancels  and  replaces  the  fi rst ed i tion  i ssued  i n  2005.  I t  consti tu tes  a  
techn ica l  revis ion .  

The  main  techn ical  changes  wi th  regard  to  the  previous  ed i tion  are  as  fo l l ows:  

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

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

Th is  techn ica l  speci fication  i s  to  be  used  i n  con junction  wi th  the  I EC  62257  series .  

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

Enqu i ry d raft  Report  on  voti ng  

82/949/DTS  82/1 000A/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ical  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  ti tl e  as  ci ted  above.  Ti tl es  of existi ng  
standards  i n  th is  series  wi l l  be  updated  at  the  time of the  next ed i ti on .  

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

•  transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

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

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

These  documents  are  recommendations:  

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

•  to  design  the  system ;  

•  to  operate  and  mainta in  the  system .  

These  documents  are  focused  on l y on  rural  e l ectri fication  concen trati ng  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 lectri fication .  
The  documents  try to  promote  the  use  of renewable  energ ies  i n  rural  e lectri fication ;  they do  
not deal  wi th  clean  mechan isms developments  at th is  t ime (CO2  em iss ion ,  carbon  cred i t,  e tc. ) .  
Further developments  in  th is  fi el d  cou ld  be  i n troduced  in  fu ture  steps.  

Th is  consisten t set of documents  is  best cons idered  as  a  whole  wi th  d i fferent parts  
correspond ing  to  i tems for safety,  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 ectives  is  to  provide  the  m in imum  sufficien t  requ irements,  
re levant to  the  fie ld  of appl ication  that i s :  renewable  energy and  hybrid  off-grid  systems.  
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RECOMMENDATIONS FOR RENEWABLE ENERGY  
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  

 
Part 4:  System  selection  and  design  

 
 
 

1  Scope 

This  part  of I EC  62257  provides  a  method  for describ ing  the  resu l ts  to  be  ach ieved  by the  
e lectri fication  system  i ndependentl y of the  techn ical  solu tions  that cou ld  be  implemented .  

The  purpose  of th is  part  of I EC 62257  i s  to  provide  a  method  to  ass ist  proj ect  con tractors  and  
proj ect  developers  to  se lect  and  des ign  the  e lectri fication  system  for i so lated  s i tes  wh i l e  
match ing  the  i den ti fied  needs,  such  as  those  described  i n  I EC  TS  62257-2.  I EC  TS  62257-2  
assesses  the  needs  of the  users  and  the  d i fferent power system  arch i tectures  wh ich  can  be  
used  for meeting  these  needs.  I n  re lation  to  the  needs  of the  d i fferent participants  to  the  
proj ect,  functional  requ irements  that sha l l  be  ach ieved  by the  production  and  d istribu tion  
subsystems  are  l i s ted .  

I n  Clause  5,  energy management ru les  to  be  considered  are  described .  These  are  key i ssues  
as  they have  a  great i n fl uence  on  the  s izing  of the  e lectri fication  system.  

I n  C lause  6 ,  the  i n formations  provided  by the  system  s izing  process  to  a l l ow the  participants  
to  select the  equ ipment or component able  to  fu l fi l  the  functional  requ i rements  are  l i s ted .  

To  a l low and  faci l i tate  the  management of the  m icro-power p lant and  the  maintenance of the  
whole  e lectri fication  system ,  some i n formation  is  col l ected  and  mon i tored .   

Clause  7  i s  ded icated  to  defin ing  the  parameters  and  speci fying  ru les  for data  acqu is i ti on .   

2  Normative references  

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

I EC TS  62257-2 :201 5,  Recommendations for renewable energy and hybrid systems for rural 
electrification – Part 2: From requirements to a  range of electrification systems

 
 

I EC  TS  62257-3:201 5,  Recommendations for renewable  energy and hybrid systems for rural 
electrification – Part 3: Project development and management 

3 Terms and  defin i tions  

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

3.1   
renewable  energy 
RE  
energy from  a  source  that i s  not  depleted  when  used  
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3.2   
hybrid  system  
multi -sources  system  wi th  at  l east two d i fferent ki nd  of technolog ies  

3.3   
d ispatchable  power system  
power system  considered   d ispatchable  i f de l i vered  power i s  avai lable  at  any speci fi ed  time,  
e. g  d iesel  generator 

3.4  
non-d ispatchable  power system  
power system  considered  non-d ispatchable  system  when  i t  i s  resource  dependent 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  i n to  e lectrici ty 

3.6   
ru ral  min i -power plant   
power p lan t  that produces  less  than  1 00  kVA through  the  use  of a  s ing le  resource  or  h ybrid  
system  

3.7   
ru ral  min i -grid   

grid  that transfers  a  capaci ty l evel  l ess  than  1 00  kVA and  powered  by a  m icro-power p lant  

3.8   
ind ividual  e lectri fication  system   
IES  
micro-power p lan t 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  e lectri fication  system   
CES  
micro-power p lan t and  m icro-grid  that suppl ies  e lectrici ty to  mu l tip l e  consumption  poin ts  us ing  
a  s ing le  or mu l ti p le  energy resource  poin ts  

3.1 0   
i solated  si te  
electric characteristic to  define  a  speci fic l ocation  not curren tl y connected  to  a  national /  
reg ional  gri d   

3.1 1   
remote s i te  
remote 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 istribution  

4 Functional  requirements  of production  and  d istribution  subsystems 

4.1  General  

The purpose  of C lause  4  i s  to  provide  a  method  for describ ing  the  resu l ts  to  be  ach ieved  by 
e lectri fication  systems for i solated  s i tes  as  defined  in  I EC TS  62257-2.  I t  describes  the  
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characteristics  expected  from  these  i nsta l l ations  based  on  production  of e l ectrici ty from  
renewable  and /or foss i l  energy sources.  

Th is  s tage  of defi n ing  the  expected  resu l ts  of production  precedes  the  techn ical  d imension ing  
and  detai ls  eng ineering  stages.  

4.2  Overal l  needs  to  be  satisfied  

4.2. 1  Main  factors  to  be  considered   

Figu re  1  i l l ustrates  the  main  factors  i n fl uencing  the  design  of the  m icro-power p lant.  

 

Figure 1  – Factors  involved  in  the  design  of a  system  

4.2.2  Needs  and  characteristics  to  be  considered    

For each  of the  factors  depicted  i n  F igu re  1 ,  detai l ed  needs  or characteristics  to  be  
cons idered  shal l  be  i denti fi ed .  These  needs  and  characteristics  are  defined  i n  Tables  1  to  4 .  

  

IEC 

  
System design  

Technical  factors involved  
in  the system 
implementation  

Economic factors involved  in  
the system implementation   

International/national/local  
regulations and technical  
standard  requirements  

Site characteristics  
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Table  1  – Techn ical  factors  – needs  or characteristics  to  be  considered  

Nature  of participan t  Needs  or characteristics  

Project  d eveloper/owner Compl iance  wi th  the  general  speci fi cation  and  re levant standards.  

Effi cien t  use  of energy (demand  s i de  management).  

Project  
implementer/subcontractor 

Easiest  possib le  implementation :  l im i ted  constrain ts  i n  terms  of transportation  
means  and  l i fti ng  apparatus.  

Technology compatibl e  wi th  l im i ted  ski l l s  of l ocal  manpower.  

L im i ted  i nstal l ati on  work d u rati on  on  fi e l d .  

S tandard i zed  equ i pment.  

Operator S imple  operational  ru l es  to  cope  wi th  possib le  l im i ted  ski l l s  of l ocal  operati ng  
agen ts .  

S imple  mounti ng  tool s .  

Rel i abl e  equ ipment.  

S imple  management ru les.  

Clear and  u nambiguous  con tractual  ru l es  not  l i abl e  to  l ead  to  s i tuations  of d i spu te  
or l i t i gation .  

Relevant  techn ical  choices/customer management.  

L im i ted  spare  parts  vari ety.  

Mai n tenance  contractor Rel i abl e  and  easy-to  replace  on  s i te  equ ipment.  

L im i ted  spare  parts  variety.  

D i fferen t  users/l oads  Types  of energy services  (see  I EC TS  62257-2: 201 5,  Annex B) .  

 

Table  2  – Economic factors  – needs  and  characteristics  to  be  considered  

Nature  of participan t  Needs  or characteristics  

Project  d eveloper/owner Balance  between  i n i ti a l  capi ta l  costs  and  operati onal  costs  to  make  the  proj ect  
profi tabl e  and  sustainabl e.  

Project  implementer Balance  between  equ ipment cost  (pu rchase  and  i nstal l ati on )  and  speci fi ed  l evel  of 
rel i abi l i ty.  

Subcontractor To  make  a  correct  l i vi ng  wh i l e  fu l fi l l i n g  the  project  implementer’ s  requ i rements .  

Operator Operational  costs  as  l ow as  possib le.  

Mai n tenance  contractor To  have  an  econom ical l y vi abl e  acti vi ty wh i l e  fu l fi l l i n g  the  operator’ s  requ i rements .  

The  d i fferent  users/l oads  Avai l abl e  services  prom ised  ( l i gh ti ng ,  TV,  etc. )  at  the  contractual  l eve l  of qual i ty,  
for the  ag reed  pri ce.  
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Table  3  – S i te  characteristics  

General  
characteristics  

of s i te  
Detai led  characteristics  Comments  

Geograph ica l  
envi ronment  

Weather stati sti cs  (T° ,  
hum id i ty,  wi nd ,  precip i tati on ,  
etc. )  

General  i n formation  abou t the  standard  cond i ti ons  at  the  s i te.  

Cl imate  and  severe  weather or 
other l ocal  hazards   

The  characteri sti cs  of the  cl imate  at  the  s i te  wi l l  affect  the  
design  of the  system  and  the  natu re  of i ts  consti tuen t  
equ i pment.  

One  may menti on :  

•  temperatu re  d i fferences;  

•  hyg rometry d i fferences;  

•  ra i n fal l  and  snowfal l ;  

•  superimposed  l oads  on  s tructu res  (caused  by wind ,  
cyclones,  frost,  etc. ) ;  

•  pol l u ti on  (sand ,  sa l t,  dust,  other pol l u tan t  wastes).  

Energy resources  Defin i ti on  of l ocal  energy resou rces.  See  Tab le  4  for fu rther 
detai l s .  

Means  of access  to  and  
around  the  s i te   

Genera l  access  to  the  s i te,  bri dges  road  cond i ti ons  and  ease  
of access  around  the  s i te  (streets,  ri vers,  etc. )  wi l l  affect  the  
d i ffi cu l ty i n  cross ing  obstacles  and  an ti cipati ng  changes  i n  the  
m icro  d i stri bu tion  network,  etc.  

Natu re  of soi l  (geol og ical  
envi ronment)  

Th i s  affects  the  type  of s tructu re  (overhead  or bu ried  power 
l i nes)  to  be  set  u p  and  the  execu tion  of certain  i nsta l l ati ons  
(for example  ground i ng  system  depend i ng  on  the  res i sti vel y 
characteri sti cs  of the  g round  and  system  foundations).  

Geograph ica l  d i s tri bu tion  of 
the  user poi n ts  

Th i s  i s  a  major factor i n  the  cost  of the  d i stri bu tion  
i n frastructu res.  The  scatter or concentration  of the  user 
poin ts ,  thei r probable  evol u tion  (near or remote)  time-wise  
and  space-wise,  wi l l  affect  choi ces  concern i ng  the  topology of 
the  d i stri bu ti on  network.  

Human  
envi ronment  

D i stance  to/between  homes  /  
l oads  – production  system  

 

Type  of homes  /l oads   

Acceptable  noi se  l evel   

Acceptable  waste  d i sposal  
l evel  

 

Type  of bu i l d i ng  to  house  the  
rural  m icro-power pl an t  

 

B iolog ical  
envi ronment  

Fauna   

F l ora   

Type  of tree  cover  

Techn ical  
envi ronment  

Type  of g ri d  i n  p l ace,  i f any 
(overhead ,  bu ri ed )  

 

Ci vi l  eng ineering   

Qual i ty of exi sti ng  bu i l d i ng  Th i s  may be  e i ther an  a l l y or an  enemy as  regards  to  certa i n  
sol u ti ons  for provid i ng  supports  for conductors  (the  physical  
qual i ty of the  bu i l d i ng ,  i ts  hei gh t,  etc. )  

Poss ible  l ocal  main tenance  at  
s i te  

 

Avai l abl e  te lecommun ication  
faci l i t i es  

 

Equ ipment  restri cti ons   

Local  techn ical  ski l l s  l evel   

Soi l  res i sti vi ty   
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General  
characteristics  

of s i te  
Detai led  characteristics  Comments  

Sociolog ical  
envi ronment  

Energy needs  of customers  How much  energy wi l l  consumers  need  and  be  wi l l i n g  to  pay 
for.  

Energy consumption  habi ts  Load  profi l es  for the  commun i ty.  

Type  of cl i en tele  Di stri bu tion  by a  g ri d  wi l l  take  p lace  on  the  basi s  of:  

•  Sociolog ical  cri teria  (ru l es  of society,  l i vi ng  habi ts).  

•  Econom ic cri teria  combin ing  the  gri d  and  the  ru ral  m icro-
power p l an t  shal l  cost  l ess  than  the  sum  of i solated  
i nd i vi d ual  production /d i stri bu tion  faci l i ti es  wh i l st  provid i ng  
the  same service.  

•  Techn ical  cri teria  (a  guaranteed  l evel  of service,  securi ty,  
etc. ) .   

Econom ic 
envi ronment  

Cost of fuel  d e l i vered  to  s i te   

Cost  of techn ica l  services   

Econom ic envi ronments  i n  
p l ace  

 

Solvabi l i ty of customers   

 Tari ff basi s  for service   

 

Table  4 – Regulations  and  requ irements  to  be  considered  

Regulatory area  References  

Procurement qua l i ty   

E l ectri cal  safety   

D i stri bu tion  cond i ti ons   

Bu i l d i ngs  Generati on /d i stri bu tion  To  be  fi l l ed  for each  project  

Fuel  s torage   

Fuel  transport   

Local  envi ronmental  impact  

Class i fi ed  s i te   

M i scel l aneous  decrees   

Possib i l i ty of recycl i ng  equ i pment   

Production /d i stri bu tion  speci fi cation   

Import  du ti es   

Regu latory au thori ti es   

Local  l abor requ i rements   

 

4.3  In troduction  to  subsystems  

An  e lectri fication  system  shal l  be  cons idered  as  a  subsystem  i f i t  fu l fi l l s  the  fol l owing  functions:  

a)  ensuring  a  power suppl y service  (production  subsystem);  

and  

b)  provid ing  an  e lectric  power d istribution  service  (d i stribution  subsystem);  

and  

c)  provid ing  a  service  to  the  user (demand  subsystem);  

wh i lst  at  the  same time complying  wi th  constra in ts  (acting  on  a l l  subsystems);  

1 )  i nd ividual  E lectri fication  Systems ( I ES)  for s i ng le  users/loads  incorporate  two  
subsystems:  
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•  an  electrical  power production  subsystem ,  

•  a  demand  subsystem  for u ti l i zi ng  th is  electrical  power.  

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

•  an  electrical  power production  subsystem  (rural  m icro-power p lant) ;  

•  a  d istribu tion  gri d  for sharing  th is  power to  i nd ividual  users  (ru ral  m icro-grid );  

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

These  subsystems  may correspond  to  systems operated  and  mainta ined  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 .   

4.4  Functional  description  of a  production  subsystem  

4.4. 1  General  

The function  of a  production  subsystem  is  to  supply e lectric  power and  energy to  an  ind ividual  
customer or a  combination  of permanent  customers.  Th is  generati ng  subsystem  shal l  be  
capable  of fu l fi l l ing  i ts  m iss ion ,  despi te  con tingencies  of avai l ab i l i ty of the  renewable  and/or 
fossi l  energy sources  suppl ying  i t  and  by manag ing  the  consumption  patterns  of the  
customers.  

The  techn ical  objectives  ass igned  to  such  an  i nstal lation  can  be  summarised  in  the  fol l owing  
essen tia l  poin ts:  

•  to  produce  and  s tore  the  energy i n  a  cost effecti ve  manner,  

•  i f “REN”  sources  are  used :  

– to  g i ve  precedence  to  use  of REN  where  they are  l ocal l y avai l ab le ,  

– to  store  energy from  the  REN  sources  whenever they are  avai l ab le,  

– to  use  the  back-up  energy sou rces  (generator sets)  to  meet the  speci fi ed  l evel  of 
service  when  REN  are  not avai lab le  or sufficien t.  

4.4.2  Detai led  functions  to  be  ach ieved  by a  production  subsystem  

From  a  functional  view poin t,  a  production  subsystem  is  a  system  capable  of:  

Ensuring  a  power suppl y service  cons isti ng  of:  

a)  Generating  e lectric power 

The  d i fferent  sources  and  arch i tectures  are  described  i n  I EC  TS  62257-2.  

Th is  function  embod ies  everyth ing  needed  to  produce  e lectric power correspond ing  to  the  
necessary characteristics  of vol tage,  frequency,  harmon ics,  power and  consumption  of the 
customers,  accord ing  to  the  needed  qual i ty of service  ( I EC  TS  62257-2) .  

Th is  function  covers:  

•  energy convers ion  from  primary energ ies ;  

•  energy s torage  (when  appl icable) ;  

•  e lectric conversion  from  d . c.  to  a . c.  ( i f necessary) ;  

•  energy measurement.  

G iven  proper suppl y and  maintenance of the  system ,  i t  can  be  des igned  to  meet a l l  of the  
l oads  and  e lectrical  needs  requ i red  by the  commun i ty i n  an  affordable  manner.  

b)  Provid ing  electric power to  the  d istribution  subsystem   
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Fol lowing  the  production  of energy,  th is  function  ensures  that the  energy i s  provided  to  the  
i n terface  wi th  the  col lecti ve  or ind ividual  d is tribution  system  wi th  respect to  the  con tractual  
requ i rements .  

c)  Manag ing  energy 

I n  princip le ,  the  quanti ty of energy that can  be  consumed  by the  users  is  not  un l im i ted  
owing  to  the  very existence  and  contingencies  of avai labi l i ty of primary energy (solar 
rad iation ,  fuel ,  etc. )  and  the  storage  capaci ti es  of th is  energy.  

Accord ing l y,  i t  i s  important  to  manage  the  use  of resources  provided  i n  order:  

•  to  optim ise  the  use  of the  avai lab le  energy,  

•  to  preserve  the  energy stored  i n  the  best way (m in imum  losses),  

•  to  con trol  energy flows  avai l able  to  the  best  in terest  of the  customers  ( immed iate  
energy needs)  and  equ ipment ( l ong  service  l i fe  of the  i nstal lation) ,  

•  to  m in im ise  the  use  of fossi l  resources,  when  appl icable.  

Th is  requ i res:  

•  management of the  energy production/storage;  

•  management of the  energy s torage/d istribu tion ;  

•  management of the  energy production/d istribu tion ;  

•  management of the  genset operation  “on /off”  (when  appl icable) .  

d )  Provid ing  in formation  on  the  operating  cond i tion  of the  i nstal l ation  

The  instal l ation  i s  requ i red  to  provide  the  users  and  operators  wi th  the  i n formation  they 
need  to  con trol  energy production  and  consumption  in  the ir own  i n terests ,  and  where  
appl icable,  that of the  communi ty.  

4.4.3  Detai led  performances  cri teria  to  be  ach ieved  by a  production  subsystem  

Each  cri terion  shal l  be  developed  in  order to  express  the  quan ti tati ve  obj ecti ves  to  be  
obtained  for the  s i tes  stud ied .  

The  i n formation  shou ld  be  presented  i n  accordance wi th  the  general  model  g i ven  i n  Annex A.   

4.5  Functional  description  of a  d istribution  subsystem  

4.5. 1  Detai led  functions  to  be  ach ieved  by a  d istribution  subsystem   
(or rural  m icro-grid )  

Provid ing  an  e lectric  power d istribution  service  cons isti ng  of:  

a)  Connecting  the  ru ral  m icro-power plant to  the  appl i cation  poin ts  

Th is  function  g roups  together everyth ing  needed  to  ensure  that  the  term inal  appl ication  
poin ts  are  suppl ied  from  the  ru ral  m icro-power p lan t energy supply poin t,  wh i lst  adapting  
to  the  energy requ i rements  of the  d i fferen t types  of customer ( ind ividuals,  econom ic 
acti vi ties,  l ocal  co l lecti ve  au thori ti es ,  publ ic l i gh ting ,  e tc. ) .  

Methods  shou ld  be  pu t  i n  p lace  to  account for and  mon i tor rural  m icro-grid  d istribu tion  
l osses.  

b)  Not degrad ing  the  level  of qual i ty 

The  avai labi l i ty and  supply qual i ty objectives  shal l  be  taken  i n  to  cons ideration  when  
design ing  the  rura l  m icro-grid .  

c)  I nclud ing  protection  to  the  m icro-power p lant  as  needed  to  ensure  safe  operation  

Protection  shou ld  be  added  to:  

•  Protect the  m icro-power p lan t from  a  harmfu l  short ci rcu i t  or other e lectrica l  impacts  to  
the  extent  poss ib le.  
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•  Local i ze  the  impact of short ci rcu i ts  or system  overloads  so  that the  whole  m icro-power 
p lan t and  a l l  other cl i en ts  are  not in terrupted .  

d )  Execu ting  the  decis ions  of the  rural  m icro-grid  manager ( l oad-shedd ing)  

Th is  function  describes  what  the  ru ral  m icro-grid  shal l  do  to  comply wi th  the  management 
ru les  adopted  when  the  rural  m icro-grid  management system  a lso  i ncludes  an  au tomatic 
function ,  in  order to  guarantee  that  energy is  provided  to  the  users .  Th is  sha l l  be  
completed  wh i l e  ensuring  the  long  service  of the  production  subsystem  equ ipment.  

The  des ign  of the  ru ral  m icro-grid  sha l l  perm i t  mod i fication  of i ts  configuration  accord ing  to  
decis ions  based  on  i n formation  g i ven  by the  energy management system.  

That  means:  

•  a l l ow any agreed  changes;  

•  swi tch  on /off ci rcu i ts  connected  to  the  genset (when  appl icable);  

•  swi tch  off ci rcu i ts  accord ing  to  priori ty ru les ;  

•  provide  i n formation  to  the  operator.  

e)  Manag ing  compl iance  wi th  the  user’s  contract  

I t  shal l  be  poss ib le  to  appl y commercia l  ru les  i n  con j unction  wi th  the  techn ica l  service  of 
making  e lectrici ty avai lable  (connect/d isconnect the  users  under contractual  ru les) .  

The  use  of advanced  mon i toring  and  accounting  devices  can  greatl y assist i n  forcing  the  
compl iance  of con tract.  

4.5.2  Detai led  performances  cri teria  to  be  ach ieved  by a  d istribution  subsystem  

I t  i s  impossib le  here  to  recommend  any general  q uan ti tative  objecti ves  (performance l evels) .  

The  essen tia l  task wi l l  hence  be  to  define  qual i tati ve  objecti ves  (performance  cri teria)  in  a  
functional  speci fication  before  determ in ing  the  techn ical  d imensions  of the  system.  

Each  cri terion  shal l  be  developed  to  express  the  resu l ts  to  be  obta ined  for the  system  type  
stud ied .  

A typical  tool  for describ ing  functional  characteristics  of a  rural  m icro-grid  i s  i nd icated  in  
Annex B  in  the  form  of functions/performance sheet concern ing  how to  connect the  rural  
m icro-power p lan t to  the  appl ication  poin ts.  

Each  rural  m icro-grid  en ta i l s  aspects  speci fic  to  the  s i te  concerned .  

Depend ing  on  the  characteristics  of the  needs  to  be  satisfied ,  the  arch i tecture  of a  rural  
m icro-grid  wi l l  be  constructed  on  the  bas is  of the  fo l l owing  cri teria:  

•  The  number of energy del i very poin ts ;  

The  number of pri ncipa l  and  secondary trunk feeders  determ ined  in  the  l i ght  of the  
d istribu tion  of the  users  at  the  s i te,  the  maximum  d imensions  of the  l i nes,  and  system  
losses.   

•  The  poss ib i l i ty of having  a  certa in  number of open ing  poin ts  avai l able ,  enabl i ng  a l l  or part 
of the  rural  m icro-power p lan t rura l  m icro-grid  to  be  i solated .  

As  for d imension ing ,  th is  wi l l  be  determ ined  on  the  basis  of such  characteristics  as :   

•  The  qual i ty l evel  ( I EC  TS  62257-2)  of energy to  be  d istributed ;  

•  The  apparent pred ictable  maximum  power of the  receivers  to  be  suppl ied  at each  del ivery 
poin t  (peak power) ;  

•  The  service  qual i ty agreed  wi th  the  users,  i n  particu lar the  maximum  vol tage  drop,  wh ich  
shou ld  not  exceed  a  certa in  value  between  the  i n terface  wi th  the  ru ral  m icro-power p lan t 
and  the  customers;  

International  Electrotechnical  Commission

 



 – 1 8  – I EC TS  62257-4:201 5    I EC  201 5  

•  The  mechan ical  constrain ts  in  the  environment concerned .  

F igu re  2   i s  a  functional  d iagram  of a  rad ia l  s tructu re  for a  rura l  m icro-grid .  

 

Figure 2  – Functional  d iagram  of a  radial  structure  for ru ral  micro-grid  

4.6  Functional  description  of a  demand  subsystem  

Detai led  functions  to  be  ach ieved  by a  demand  subsystem  (or rural  m icro-grid ) :  

Provid ing  an  e lectric  power to  appl ications  consisti ng  of:  

a)  I n terfacing  wi th  the  d istribu tion  system  

Th is  function  groups  everyth ing  needed  to  ensure  that the  user i nsta l l ation  i s  suppl ied  
from  the  d istribu tion  system,  i nclud ing  functions  re levant wi th  the  con tractual  commitment 
such  as  payment or metering  system .  

b)  D istribu ti ng  energy to  the  appl i ances  

Here  are  i ncluded  a l l  the  e lectric  functions  able  to  provide,  swi tch  on /off e lectrici ty from  
the  d istribution  system  i n terface  to  the  fi nal  user’s  appl ication .  

NOTE  I n  some projects,  th i s  function  cou l d  i ncl ude  the  suppl y of the  app l i ances  (such  as  l amps  for example) .  

4.7  Constraints  to  be  compl ied  with  by production  d istribution  and  demand  
subsystems  

a)  Match ing  the  characteristics  of the  s i te  

Th is  function  s ign i fi es  a l l  constra in ts ,  such  as  geograph ical ,  techn ical ,  economic or 
sociolog ica l ,  as  wel l  as  human  factors  speci fic  to  the  s i te  that the  des ign  and  performance 
of the  faci l i t i es  to  be  set up  wi l l  have  to  satisfy.  

b)  Ensuring  protection  of persons  and  assets  

IEC 

Main  l ine  

Individual  
connections  

Interface 
micro-power plant/micro-grid  

Secondary l ines  

(single or three phases)  

 
Micro-power plant 

 
User 

 
User 
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The  equ ipment shal l  be  designed  to  control  ri sks  to  i nd ividuals ,  operators  or th i rd  parties.  
I n  add i tion ,  they shal l  be  protected  from  the  fau l ts  that may occur on  the  d i fferen t parts  of 
the  i nstal lation .  

c)  M in im izing  specia l  main tenance  to  make  energy avai l ab le  

That  means:  

•  making  easy i nsta l l ation ;  

•  faci l i tating  operati ng  cond i tions;  

•  faci l i tati ng  main tenance;  

•  faci l i tati ng  d ismantl i ng ;  

•  faci l i tati ng  expansion .  

For reasons  of cost,  i t  i s  imperative  that the  i nstal l ation  can  con ti nue  to  operate  wi thout 
requ iring  frequent in tervention  by specia l ists .   

d )  Complying  wi th  regu lations  

Th is  function  groups  together a l l  the  techn ica l  and  legal  constra in ts  to  wh ich  the  
i nstal lation  shal l  comply to  be  usable.  

e)  Complying  wi th  the  operator and  user du ties  

Th is  speci fication  sti pu lates  the  righ ts  and  obl i gations  of the  operator and  users .  I t  i s  
general l y d rawn  up  by the  national  and /or reg ional  i nsti tu tional  au thori ty.  

5 Energy management ru les  

5.1  General  

I n  REN  powered  systems,  the  avai l ab i l i ty of resource  can  vary considerabl y.  Energy 
management is  particu larl y vi ta l  i n  provid ing  the  service  prom ised  to  the  user under the  best 
poss ib le  cond i ti ons  wi thout j eopard is ing  the  operati ng  l i fe  of the  equ ipment.  

Th is  Clause  5  describes  the  impact of energy management assumptions  and  the  techn ical  
choices  that they impl y on  system  si zing .  

F i gu re  3  i l l ustrates  the  role  of energy management and  safety as  transverse  functions  i n  the  
operation  of the  system.  

 

Figure  3  – Functional  impact of energy management and  safety 
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5.2  Functional  description  for an  energy management of an  i solated  system  

To manage  energy i n  REN  systems,  a  number of functions  shal l  be  considered ,  as  described  
be low:  

a)  Adequate  management of resources  and  needs  

To manage energy i n  an  isolated  system ,  cons ideration  shal l  be  g i ven  to  the  overal l  
production  from  renewable  energy sources  and  energy consumption ,  ensuring  that  the  
resources  match  the  demand  for energy,  then  taking  the  appropriate  action .  Th is  
management is  necessary i n  order to  comply as  closel y as  possib le  wi th  the  commitments  
of the  enti ty provid ing  the  services  (the  proj ect developer and  operator).  Th is  task shou ld  
be  completed  in  the  best i n terest of the  user.  

b)  G iving  precedence  to  the  use  of renewable  energ ies  

Energy management in  an  iso lated  system  is  to  g i ve  precedence  to  generation  from  
renewable  energ ies  i n  order to  reduce  consumption  of fossi l  energy and  l ower system  
operating  cost.  

c)  Maxim is ing  service  l i fe  and  performance  of equ ipment  

Manag ing  energy i n  an  i solated  system  a lso  involves  ensuring  a  l ong  service  l i fe  for the  
equ ipment.  Th is  en tai l s  g i ving  precedence to  equ ipment protection  i n  re lation  to  suppl y,  so  
that the  capi ta l  i nvestment i s  used  correctl y th roughou t the  service  l i fe  for wh ich  the  
equ ipment has  been  des igned .  

d )  Manag ing  the  storage  system   

Qual i ty of battery management has  a  very h i gh  impact on  battery l i fe,  on  the  system ’s  
l evel  of performance,  and  l i fe  cycle  cost.  

e)  Manag ing  the  avai lab le  quan ti ty of energy 

Manag ing  energy i n  an  isolated  REN  system  consists  i n :   

•  maxim ising  the  use  of the  avai lable  REN ,  wh ich  i s  general l y l im i ted ,  

•  optim is ing  the  sharing  of the  avai lab le  quanti ty of e lectrical  energy produced  from  the  
REN ,  amongst the  d i fferent  users  or appl iances.  

I n  a  s ing le-user system ,  over-consumption  wi l l  i n terrupt  suppl y.  The  user qu ickl y l earns  
how to  use  the  energy of the  system  correctl y.  

I n  a  mu l ti -user system  (for example,  a  rural  m icro-power plant associated  to  a  rural  m icro-
grid ) ,  steps  shal l  be  taken  to  preserve  the  store  of energy to  the  benefi t  of the  greatest 
number and  avoid  j eopard is ing  the  common  insta l l ation .  C learl y,  several  so lu tions  are  
possib le,  for example:  

•  The  grid  i s  l i ve  on l y during  a  certa in  t ime periods  and  the  power of each  user is  l im i ted ;  
i n  th is  case,  i t  i s  the  time  the  network i s  l i ve  that l im i ts  the  quanti ty of energy 
d istribu ted .  

•  The  grid  i s  l i ve  for a  cons iderable  period  during  the  day,  resu l ting  i n  better service  
qual i ty,  bu t  requ iring  both  the  power avai lab le  to  each  user and  the  quanti ty of energy 
the  user can  consume to  be  l im i ted  during  a  certa in  period  of time.  Depend ing  on  the  
d imensions  of the  i nsta l l ation ,  th is  quanti ty of energy can  be  managed  over one  or 
several  days.  

•  An  appropriate  tari ff structure  is  implemented  to  l im i t  energy consumption  or a l low for 
the  expansion  of the  system  from  revenues  of l arge  energy consumers.  A s tep  or 
graduated  tari ff i s  recommended  to  provide  l ow cost power to   customers  bu t charge  
h igher consumers  for further system  expansion .  

I n  systems compris ing  e lectrochem ical  storage,  energy management a lso  en tai l s  taking  
the  necessary s teps  to  replen ish  the  energy s tored .  I n  systems  powered  by runn ing  
exposure  to  renewable  energy resources,  sometimes  referred  to  as  d i rect d ri ve  devices,  
storage  i s  general l y i n  the  form  of the  energy product,  water i n  pumping  appl ication  or ice  
i n  ice  production  systems.  

f)  Manag ing  the  qual i ty of the  electrici ty produced  
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The  fi nal  factor i n  energy management is  that of con trol l i ng  the  qual i ty of the  e lectrici ty 
del i vered  to  the  user.  The  fol lowing  are  the  cri teria  defi n ing  th is  qual i ty:  

•  vo l tage  l evel  and  i ts  variation  range,  

•  d . c.  vol tage  ripple,  

•  a . c.  frequency and  i ts  vol tage  variation  range,  

•  harmon ic  ratio  for an  a. c.  vol tage,  wh ich  depends  d i rectl y on  the  qual i ty of the  i nverter 
(pseudo-sine  wave or s ine  wave)  or generator used  and  shal l  be  appropriate  for the  
devices  used .  Accord ing ly,  the  des igner of the  system  shal l  check th is  cond i ti on .  

Clause  6  describes  the  impact of the  energy management assumptions  on  system  si zing .  

5.3  Demand  side  management 

Accord ing  to  the  l im i ted  quanti ty of energy produced  by any m icro-power system  generati ng  
e lectrici ty from  REN ,  i t  i s  mandatory to  use  h igh  efficiency,  l ow consumption  appl i ances  and  
make use  of a l l  energy demand  con trol  resources  read i l y avai l able.  

6 Expected  resul ts  from  the sizing  process  

6.1  Overview 

Clause  6  presents  recommendations  re lati ve  to  the  i n formation  to  be  provided  i n  a  s i zi ng  data  
report.  

Wh i le  each  des igner may freel y choose  the  speci fic  method  used  for s i zi ng  a  system,  the  
obj ecti ve  is  to  define  a  framework of assumptions  wi th in  wh ich  s i zi ng  can  be  described ,  
i nclud ing  the  type  of documentation  to  be  forwarded  to  the  proj ect  developer.  

Common  ru les  for the  presentation  of resu l ts  shou ld  be  appl ied  by p lant des igners,  so  that 
any proj ect  developer can  objecti vel y compare  the  various  offers  re lated  to  th is  speci fication .  

Clause  6  g i ves  transparent  techn ical  and  economic cri teria  for "su i table"  s i zi ng ,  thus  making  i t  
poss ib le  for the  offers  to  be  easi l y compared .  

6.2  Participants  in  the  sizing  process  

A p lan t s i zing  process  requ ires  a  number of acti ve  participan ts,  see  Table  5 .  

Specia l  attention  shal l  be  exercised  i n  order to  request  these  participan ts  to  provide  the  
proj ect  wi th  i n formation/decis ions  they hold  or are  responsib le  for.  

Table  5  – Participants  in  the  sizing  process  

Nature  of participan ts  Liabi l i ti es  of the  participan ts  along  the  s izing  process  

User Expresses  e lectri ci ty demand  needs  

Project  d eveloper Defi nes  the  requ i rements  to  be  fu l fi l l ed  

Eng ineering  consu l tan t  Ass ists  the  proj ect  devel oper i n  speci fyi ng  the  project  and  reviewing  desi gn  
proposals  

Project  implementer Establ i shes  proper des ign  and  s i zi ng  

 

6.3  Elements  for comparing  various  design  proposals  

Al l  des ign  proposals  shou ld  be  based  on  the  same general  speci fications.  
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The  d i fferent des ign  proposals  shou ld  be  compared  on  the  basis  of the  fol l owing  essentia l  
poin ts :  

•  a l l  assumptions  used  for preparing  the  design  proposals;  

•  techn ica l  speci fication  and  energy pred ictions  resu l ti ng   from  the  s izi ng  process;  

•  provis ions   made  to  reduce  the  risk of system  ou tages;  

•  d i scounted  costs  of the  proposed  equ ipment;  

•  evidence,  provided  the  designer of the  cred ib i l i ty of the  design  calcu lations;  

•  system  class  i den ti fication ;  

•  des igner experience  i n  the  fie l d ;  

•  other cri teria  that  may be  speci fic  to  the  project  or the  developer for example  
“envi ronmenta l  impact” .  

6.4 Frameworks  for proposal  

6.4. 1  General  

Subclause  6. 4. 2  provides  an  ou tl ine  for the  types  and  qual i ty of i n formation  that  shou ld  be  
provided  as  part of the  project development documentation .  

The  proposal  shou ld  con ta in  the  fol l owing  in formation :  

•  general  commitment to  suppl y the  amount of energy requ i red  to  meet the  needs  of the  
users ;  

•  assumptions  retain ing  to  demand  and  renewable  resource  data;  

•  description  of any severe  weather even ts  and  previs ions  made  to  reduce  the  risk of ou tage;  

•  techn ical  speci fication ;  

•  energy outputs;  

•  costs  includ ing  a l l  econom ic assumptions  used ;  

•  documentation  of design  warranty.  

6.4.2  General  commitments  to  supply 

These commitments  are  presented  in  I EC  TS  62257-2 ,  bu t can  be  summarized  as  major 
poin ts  i n  Table  7 .  

To  s i ze  the  production  subsystems,  the  project implementer shou ld  consu l t wi th  the  project 
owner to  determ ine  a  set  of re levant  i nd icators.   

Some examples  of these  i nd icators  are:   

•  users ’  power “satisfaction  factor"   

P lan t s izing  is  committed  to  a  probabi l i ty of production  versus  avai l ab le  energy.  At any 
time  speci fied  by the  user,  they wi l l  be  suppl ied  wi th  a  speci fied  power and  amoun t of 
energy time and  whenever requ i red ,  complying  wi th  predeterm ined  assumptions  of power 
requ irements .  

•  A rate  of forecast coverage  of REN  investments  

Th is  rate  of coverage is  as  fo l l ows:  
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Probable quantity of energy this plant can  produce through  RENs  1  

Quantity of energy desired to  be consumed 
3
 

 

(month  by month)  

•  Other cri teria  cou ld  a lso  be  considered ,  depend ing  of the  perspective  of the  d i fferen t 
participants  involved  i n  the  proj ect,  as  suggested  i n  Table  6 .  

Table  6  – Perspectives  to  be  considered   

Cri teria  
Perspecti ve  

Project developer  Owner  Operator User 

Techn ical  System  provi des  
request  l evel  of 
service  

System  operates  for 
the  desi red  
equ i pment l i fe  

System  i s  easy to  
operate  and  main tain  

Power i s  avai l able  
when  wanted  or 
speci fi ed  i n  con tract  

F i nanci al  Design  i s  i n  
accordance  wi th  
fi nancia l  resources  

Posi ti ve  cash  fl ow 
wi l l  exi st  to  cover 
rep lacement cost  
and  operati ng  cost  
i n  accordance  wi th  
the  busi ness  p lan  

System  m in im izes  
non  techn ical  l osses  
and  promotes  easy 
service.  

To  be  able  to  operate  
i n  a  g i ven  budget  

Pri ce  of energy i s  
affordabl e  

Contractua l  Power wi l l  be  
suppl i ed  th rough  the  
design  l i fe  

System  i s  i nstal l ed  
and  operati ng  
correctl y  

Ownersh i p  and  
fi nancia l  s tructure  of 
the  project  i s  cl ear 
and  secu re  

Power i s  suppl i ed  i n  
accordance  wi th  
agreements  

Envi ronmental   Project  i s  
envi ronmental l y 
sound  

Project  i s  
envi ronmental l y 
sound   

Low adverse  system  
envi ronmental  impact  

No  l ong  term  
negati ve  
envi ronmental  impact  

Sociolog ical  Project  i s  
sustainab le   

Socia l  benefi ts :  
heal th ,  
educati on , etc.  

Acceptabi l i ty of the  
system  by the  
customers  

Devel opment  of l ocal  
acti vi ti es  

L im i ted  negati ve  
impact  on  qual i ty of 
l i fe  

 
  

___________ 

1  Measurements  made  from  the  same poin t.  
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Table  7  – Commitments  ind icators  

Requirement Proposed  production  
subsystem  

Electri fication  
system  

Proposals  for con tractual  
commitments  between  suppl iers,  

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

User requests  a  g i ven  resu l t  
of process  over a  g i ven  
period ;  no  q ual i ty requ i rement  

X   T
1
. I  N /A Comm i 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,   X X  T2
. I  T

2
. C  Comm i tment  to  supply:  

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 taneously  

     •  the  quan ti 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  days  ou t  of 
365  

and        

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

      

Every day,       Comm i tment  to  supply:  

•  the  quan ti 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  

•  service  avai l abi l i ty over fi xed  t ime  
periods  

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 taneously  

X  X T
3
. I  T

3
. C  

and    X  T
5
. I  T

5
. C  

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

X X X T4
. I  T

4
. C  

and   X  X T
6
. I  T

6
. C  

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

     

Every day,  

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

Same  solu ti ons,  bu t  d i fferen t  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  

 

6.4.3  Assumptions  and  classification  of i nput  

A presentation  of the  type  and  qual i ty of the  data  used  i n  the  s i zi ng  process  a l lows  the  project 
developer to  assess  the  marg in  of uncertain ty associated  wi th  th is  process.  These,  combined  
wi th  the  des ign  assumptions  a l low a  carefu l  review of the  des igner’s  work.  The  fo l lowing  
tab les  provide  a  class i fication  s tructure  for the  d i fferent data  used  in  most system  des ign  and  
s i zi ng  processes.  These  data  are  re lative  to:  

•  s i te  (Table  8);  

•  consumption  (Table  9) ;  

•  resources  (Tables  1 0 ,  1 1  and  1 2) .  

Di fferen t ki nds  of in formation  are  used  to  characterize  these  data.   

For the  s i te  and  consumption  data,  the  designer shal l  be  asked  to  detai l  the  level  of data  used  
i n  the  des ign  process.  

For the  resource  data,  the  designer shal l  be  asked  to  detai l  the  l evel ,  case  and  record  of data  
used  i n  the  design  process.  
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Level :  the  techn ica l  qua l i ty of the  data  used  i n  the  s i zi ng  process .  

Case:  the  geograph ic  re levance of the  data  for the  speci fic s i te .  

Record:  the  length  of the  data  h istory used  i n  the  s i zi ng  process;  records  are  the  same for a l l  
technolog ies.  

N i s  a  number of years  and  M i s  a  number of months  that shal l  be  speci fied .  The  l eng th  of the  
h istory of the  data  shou ld  be  representati ve  of the  expected  l i fetime of the  system.  

H istorical  data  are  data  of sufficient  qual i ty to  assess  i n ter years  changes  i n  weather patterns.  

Weather statis tics:  on l y provides  a  mu l ti -year average  data.  

Table  8  – Knowledge of s i te  

Si te  topography 

Level  1  Exact  l ocation  of s i te  i ncl ud ing  bu t  not  l im i ted  to:  

•  Topograph ical  map  wi th  a  resolu tion  of at  l east  a  1 : 24  000  of the  surround i ng  area  i ncl ud i ng   
1 0  m  e levati on  resol u tion .   

•  Exact  l ocation  of each  of the  l oad  poin ts  th rough  G I S  plotti ng ,  detai l ed  maps  or aeri al  photos .   

•  Speci fi c  understand ing  of the  vegetation  of the  area  around  the  s i te  i ncl ud ing  bu t  not  l im i ted  to  
photos.  

Level  2  Exact  l ocation  of s i te  i ncl ud ing  bu t  not  l im i ted  to:  

•  Topograph ical  map  wi th  a  resolu tion  of at  l east  a  1 : 50  000  of the  surround i ng  area  i ncl ud i ng   
25  m  e levati on  resol u tion .  

•  Spatial  l ayout  of the  commun i ty based  on  measurements  or i n formal  mapping  techn i ques.  

•  Genera l  understand i ng  of the  vegetation  of the  area  around  the  s i te.  

Level  3  Exact  l ocation  of s i te  i ncl ud ing  bu t  not  l im i ted  to:  

•  Topograph ical  map  wi th  a  resolu tion  of at  l east  a  1 : 1 00  000  of the  su rround i ng  area  i ncl ud ing   
50  m  e levati on  resol u tion .  

•  No  i n formation  of the  spati al  l ayou t of the  commun i ty and  l oad  centers.   

•  No  u nderstand ing  of the  vegetation  of the  area  around  the  s i te.  

Level  4  Very l ow resol u tion  map  wi th  m inor topograph ical  i n formation  such  as  i n ternati ona l l y avai l abl e  data  
sets  wi th  1  km  resolu tion .  

Si te  cl imate  

Level  1  Month l y i n formation  on  s i te  temperature,  hum id i ty,  ra i n fal l ,  snowfal l ,  days  of g round  fog  and  other 
envi ronmental  cond i ti ons.  Data  i ncl udes  month l y averages  as  wel l  as  maximum  and  m in imum  values  
for a l l  re l evan t parameters.  

Level  2  Seasonal  i n formation  on  s i te  temperature,  hum id i ty,  ra i n fal l ,  snowfal l ,  days  of g round  fog  and  other 
envi ronmental  cond i ti ons.  Data  i ncl udes  seasona l  averages  as  we l l  as  maximum  and  m in imum  
val ues  for a l l  re l evant  parameters.  

Level  3  Yearl y i n formation  on  s i te  temperature,  hum id i ty,  ra i n fal l ,  snowfal l ,  d ays  of g round  fog  and  other 
envi ronmental  cond i ti ons.  Data  i ncl udes  averages  as  wel l  as  maximum  and  m in imum  values  for a l l  
re l evant  parameters.  

Level  4  No speci fi c  or unconfi rmed  understand ing  or of s i te  cl imati c  i n formation .  

Si te  hazards  

Level  1  Detai l ed  i n formation  on  the  yearl y occurrences  of hazards  such  as  fl oods,  l i g h tn i ng ,  ha i l ,  h i gh  wind  
even ts ,  tornados,  tropica l  s torms,  hurri canes,  typhoons,  sandstorms,  and  i ci ng  even ts .  Data  wou ld  
i ncl ude  number of even ts,  seasonal  characteri sti cs  and  h i stori cal  maximum  values  for th reats  
present  to  the  l ocal  area.  

Level  2  Basic  i n formation  on  the  yearl y  occurrences  of hazards  such  as  fl oods,  l i g h tn ing ,  ha i l ,  h i gh  wind  
even ts ,  tornados,  tropica l  s torms,  hurri canes,  typhoons,  sandstorms,  and  i ci ng  even ts .  Data  wou ld  
i ncl ude  average  number of even ts  per year.  

Level  3  No speci fi c  or unconfi rmed  understand ing  or of s i te  cl imati c  i n formation .  
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Table  9  – Knowledge of consumption  data  

Expected  energy consumptions  

Level  1  Very accurate  knowledge  of the  consumption  and  time  domain  i ncl ud ing  speci fi c  l oads,  frequency 
and  du ration  of use  on  a  d ai l y l eve l  (complete  detai l ed  l oad  profi l e) .  

Level  2  Dai l y consumption  wi th  at  l east  the  day/n i gh t  porti on  d i s tri bu ted  over the  day.  

Level  3  Dai l y consumption ,  wi th  average  of week days  and  average  of weekend  days.  

Level  4  Dai l y consumption ,  month l y average.  

Level  5  Dai l y consumption ,  yearl y average.  

Change in  consumption  

Level  1  H istori cal  change  i n  l oad  usage  or commun i ty g rowth .  Detai l ed  understand i ng  of p l aned  l oad  
i ncreases.  

Level  2  Estimate  of l oad  or popu lati on  i ncrease.  

Level  3  Basic understand ing  of l oad  i n crease.   

 

Table  1 0  – Knowledge  of resources:  data  accuracy levels  

Data  

 Sun  Wind  Hydro  Biomass  

Level  1  Global ,D i rect  and  
Di ffuse  I rrad iation  
measured  at  a  fi ne  
hou rl y frequency,  over 
a  hori zontal  su rface,  
wi th  ambient  
temperatu re,  wi nd  
speed  and  d i rection .  

•  1 5  m i n  average  wind  
speed  
measurements.  

•  Measured  at  a  hei gh t  
to  provi de  
unobstructed  
exposu re   to  the  
windward  d i rection .  

•  Wind  measurement  at  
two  he igh ts  record ing  
maximum,  m in imum  
and  standard  
deviation  of read ings.   

•  1 5  m in  average  
measurements  of 
wind  d i rection .  

•  Measurement  of 
ambient  temperature  
and  barometri c  
pressu re  
recommended .  

Run  of ri ver:  hourl y 
records  of fl ow rate,  
water depth ,  water 
tu rbi d i ty.  Seasonal  
descripti on  of water 
qual i ty and  debri s .  

Standard:  da i l y records  
of vol umetri c  fl ow rate  
and  water tu rbid i ty.  
Values  for s torage  
capaci ty,  head  hei gh t,  
p i pe  l ength .  Seasonal  
descripti on  of water 
qual i ty and  debri s .  

Feedstock speci fi cation  
i ncl ud i ng  BTU  val ue,  
moistu re  conten t,  bu l k  
and  speci fi c  s tock 
dens i ty.  
Chem ical /m ineral  
makeup  (proximate  
anal ys i s),  s tock s i ze  
and  storab i l i ty 
characteri sti cs  of 
b iomass  fuel .  Quanti ty 
ava i l able  per week.  

Level  2  Dai l y g l obal  i rrad iati on  
over a  hori zon ta l  
surface.  

•  1 5  m i n  average  wind  
speed  measurements  
at  a  hei gh t  to  provi de  
unobstructed  
exposu re  to  the  
windward  d i rection .  

•  1 5  m i n  average  
measurements  of 
wind  d i rection .  

•  Measurement  of 
ambien t  temperature  
and  barometri c  
pressu re  
recommended .  

Run  of river:  da i l y 
records  of fl ow rate  and  
water depth .  Seasonal  
descripti on  of water 
qual i ty and  debri s .  

Standard:  mon th ly 
records  of vol umetri c  
fl ow rate  and  water 
tu rbi d i ty.  Va lues  for 
storage  capaci ty,  head  
heigh t,  p i pe  l ength .  

Feedstock speci fi cati on ,  
quanti ty avai l able  per 
month .  
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Data  

 Sun  Wind  Hydro  Biomass  

Level  3  Average  dai l y g l obal  
i rrad i ation  over a  
hori zontal  su rface.  

Hou rl y average  wi nd  
speed  measurements  
taken  at  1  s  i n tervals .  

•  Measured  at  a  hei gh t  
to  provi de  
unobstructed  
exposu re  to  the  
windward  d i rection .  

•  Wind  measurement  at  
two  he igh ts  record ing  
maximum,  m in imum  
and  standard  
deviation  of read ings.   

Hou rl y average  
measurements  of wind  
d i rection .  

Run  of ri ver:  month ly 
records  of fl ow rate,  
water depth ,  water 
tu rbi d i ty.  Seasonal  
descripti on  of water 
qual i ty and  debri s .  

Standard:  seasona l  
records  of vol umetri c  
fl ow rate,  water 
tu rbi d i ty,  general  water 
qual i ty and  debri s .  
Values  for storage  
capaci ty,  h ead  hei gh t,  
p i pe  l ength .  

Feedstock speci fi cation ,  
Quanti ty avai l ab le  per 
season .  

Level  4  Average  month ly 
g l obal  i rrad iati on  over 
a  hori zon tal  su rface.  

Hou rl y average  wi nd  
speed  measurements  at  a  
heigh t  to  provide  
unobstructed  exposu re  to  
the  wi ndward  d i rection .  

Hou rl y average  
measurements  of wind  
d i rection .  

  

Level  5   Peri od ic  sample  of wind  
speed  and  d i rection  
th roughout  every day,  
such  as  on  a  3  h  basi s .  
Common  at  most  a i rports .  

  

Level  6   Peri od ic  sample  of wind  
speed  and  d i rection  
th roughout  the  dayl i gh t  
hou rs  of every day,  such  
as  th ree  record ings  per 
day.  Al so  common  at  er 
a i rports.  

  

Level  7   Mon th l y average  of wind  
speed .  

  

Level  8   Yearl y average  wind  
speed .  
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Table  1 1  – Knowledge  of resources:  data  retained  for considered  s i te   

Data  

 Sun  Wind  Hydro  Biomass  

Case  1  At the  approximate  
l ocation  for the  
system  i nstal l ati on  at  
the  cons idered  s i te.   

At  the  approximate  
l ocation  for the  system  
i nstal l ati on  at  the  
consi dered  s i te.   

At  the  approximate  
l ocation  for the  system  
i nstal l ati on  at  the  
considered  s i te.   

At  the  approximate  
l ocation  for the  system  
i nstal l ati on  at  the  
considered  s i te.   

Case 2  At a  l ocation  i n  very 
cl ose  proxim i ty to  the  
cons idered  s i te  and  
wi th  the  same  general  
characteri sti cs.  

At  a  l ocation  i n  very 
cl ose  proxim i ty to  the  
consi dered  s i te  and  wi th  
the  same genera l  a i r 
fl ow characteri sti cs.  

  

Case 3  At a  l ocation  removed  
from  the  considered  
s i te  bu t  where  
correlati ons  can  be  
made  to  the  
consi dered  s i te  us ing  
e i ther mathematical  
formu lations  or proven  
resou rce  mappi ng  
techn iques.  

At  a  l ocation  removed  
from  the  considered  s i te  
bu t  where  correl ati ons  
can  be  made  to  the  
considered  s i te  using  
e i ther mathematical  
formu lations  or proven  
resou rce  mappi ng  
techn iques.  

  

Case 4  At a  l ocation  removed  
from  the  considered  
s i te  bu t  wi th  s im i l ar 
solar i rrad i ation  
characteri sti cs  i s  
expected .  

At  a  l ocation  removed  
from  the  considered  s i te  
bu t  wi th  the  same 
general  a i r fl ow 
characteri sti cs  i s  
expected .  

  

Case 5   At  a  l ocation  removed  
from  the  considered  s i te  
and  where  accurate  
correlati ons  can  not  be  
made  

  

 

Table  1 2  – Knowledge  of resources:  range  of data  h istory 

Data  

 Sun  Wind  Hydro  Biomass  

Record  1  M consecu ti ve  months  of d ata  col l ected  on  s i te  wi th  N years  of h i s tori cal  d ata  what can  be  used  i n  a  
general  correl ation .   

Record  2  M consecu ti ve  months  of d ata  col l ected  on  s i te  wi th  N years  of weather stati sti cs .   

 

6.4.4  Techn ical  characteristics  for the  main  equ ipment proposed   

For each  type  of primary equ ipment (generators,  batteries,  converters) ,  Tables  1 3  to  24  
i nd icate  the  techn ica l  speci fications  that wi l l  l ead  the  proj ect implementer to  recommend  
equ ipment types  to  the  project developer.  I t  i s  expected  that th is  l i st  i s  provided  as  a  general  
gu ide,  as  d i fferent types  of in formation  wi l l  be  needed  for d i fferent s izing  and  anal ysis  
methods.  The  speci fied  i n formation  wou ld  be  provided  to  the  project developer as  part  of the  
system  des ign  process.  
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6.4.5  Characteristics  for a  photovoltaic array 

6.4.5.1  Photovol taic  modules  

See  Table  1 3.  

Table  1 3  – Characteristics  for photovol taic modules  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Quanti ty and  type  of modu les  (complying  wi th  the  standard  requ i rements  of the  general  speci fi cation )   

Un i t  peak power:   

Modu l e  rated  vol tage:   

Su rface  of modu l es:  

S i te  constrai n ts  accounted  for:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of panel  modu les  

Total  peak power:   

Generator rated  vol tage:   

E l ectri cal  characteri sti cs  I =  f(V):  

S i te  constrai n ts  accounted  for:  

 

6.4.5.2  Modules  supporting  structure  

See  Table  1 4.  

Table  1 4  – Characteristics  for modules  supporting  structure  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Number of s tructures:  

Type  of s tructure  (roofi ng ,  etc. ) :  

Number of panels :  

Implementi ng  the  photovol ta ic  panel  fi e l d :  

•  Typica l  d i stance  between  arrays:  

•  M i n imum  d i stance  between  array and  g round :  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of s tructu res  

Number of modu l es/structure:  

Materi a l :  

Anchori ng  method :  

I ncl i ne  of panels  (° /hori zon):  

Deg ree  of i ncl i ne  variab i l i ty:  

Orien tation  of pane ls  (° /North ):  

Deg ree  of orien tation  vari abi l i ty:  

S i te  constrai n ts  accounted  for:  

Surface  to  be  reserved :  

Tracki ng  axi s  i f appl i cable:  

Snow l oad i ng  ( i f appl i cable):  

Wind  l oad ing :  
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6.4.6  Characteristics  for wind  turbines  

6.4.6.1  Wind  turbine  

See  Table  1 5.  

Table  1 5  – Characteristics  for the  wind  turbine  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Type  of power ou tpu t:  

Rated  power:  

Rated  vol tage:  

Rated  wind  speed :  

Rated  frequency:  

Manufactu rer name and  part  n umber:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of wind  tu rb ines  

Hel i x/rotor d i ameter:  

Number of b l ades:  

Power curve:  

Control  system :  

Orientation  system :  

Start  up  wind  speed  (rotati on ):  

Cu t  ou t  wind  speed :  

Destruction  wi nd  speed :  

S i te  constrai n ts  accounted  for:  

 

6.4.6.2  Wind  tu rbine  structure  or tower support  

See  Table  1 6.  

Table  1 6  – Characteristics  for wind  tu rbine structure  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Type  of tower:  

General  p l an :  

Overal l  s i te  l ayou t d imensions:  

Manufactu rer certi fi cati on :  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of supporti ng  structu res  

Means  for access  for main tenance:  

Anchori ng  method :  

Foundati on  design  speci fi cation :  
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6.4.7  Characteristics  for the  generator set  

This  provides  speci fication  for any foss i l  fueled  generator that i s  capable  of starting  at any 
time,  e i ther manual l y or i n  an  au tomated  fash ion .  

See  Table  1 7.  

Table  1 7  – Characteristics  for the  generator set  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Generator type  (brand  and  model  n umber):  

Vol tage  and  frequency:  

Start  up  method :  

Generator housi ng :  

Fuel  type:  

Standby or prime  power speci fi cation :  

Un i t  d imensions:  

Un i t  weigh t:  

Rated  power (kW):  

Number of phases:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of the  generator  

Cost:  

Power (kVA):  

Operation  vol tage  range:  

Nom inal  vol tage:  

Operation  frequency range:  

Nom inal  frequency:  

Fuel  consumption  at  varying  power l evel s :  

Speed :  

Power factor:  

Cool i ng  type:  

Governor type:  

Envi ronmental  constrai n ts  and  housing :  

Safety constrain ts  i ncl ud i ng  fau l t  detection  and  safety measure  speci fi cati on :  

Operati ng  constrain ts  of u n i t:  

I nsta l l ati on  constrain ts ,  characteri sti cs  and  i nstructions:  

Speci fi cation  of meters  and  control s  i ncl uded  i n  un i t:  

Overal l  d imensions  and  weight:  
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6.4.8  Characteristics  for micro hydro turbines   

See  Table  1 8.  

Table  1 8  – Characteristics  for micro  hydro turbines  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Outpu t  power:  

Manufactu re:  

Model  number:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of h yd ro  tu rb ine  

Nom inal  fl ow rate:  

F l ow rate  range:  

Un i t  power curve  versus  fl ow rate:  

Nom inal  ou tpu t  frequency:  

Maximum  and  m in imum  head  requ i rements:  

Cost:  

Total  h armon ics  d i s torti on :  

Power factor a l l owed :  

Frequency regu lati on :  

Con trol l er type:  

Safety features  and  fau l t  protection :  

I npu t  fl ow protection :  

Operati ng  temperature  range:  

Overal l  d imensions  and  weight:  

I nsta l l ati on  constrain ts ,  characteri sti cs  and  i nstructions:  

Connection  and  wi re  d iag ram :  
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6.4.9  Characteristics  for biomass  generators  

See  Table  1 9.  

Table  1 9  – Characteristics  for biomass  generators  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Fuel  type:  

Startup/backup  fossi l  fue l  type:  

Outpu t  power (kW):  

Thermal  ou tpu t:  

Manufactu re:  

Model  number:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of b i omass  generator 

Operation  vol tage  range:  

Nom inal  vol tage:  

Operation  frequency range:  

Nom inal  frequency:  

Power factor:  

M in imum  l oad :  

S tartup  fossi l  fuel  fraction :  

Fuel  cu rve,  fuel  conversion  and  requ i red  i n take:  

Maximum  biomass  fuel  moistu re  conten t:  

Maximum  gas  parti cu late  count:  

Turndown  ratio:  

B iomass  cold  s tartup  t ime:  

M i xed  fuel  s tartup  time:  

Envi ronmental  constrai n ts  and  hous ing :  

Safety constrain ts  i ncl ud i ng  fau l t  detection  and  safety measure  speci fi cati on :  

Operati ng  constrain ts  of u n i t:  

User i n terface/control s :  

I nsta l l ati on  constrai n ts ,  characteri sti cs  and  i nstructions:  

Speci fi cation  of meters  and  control s  i ncl uded  i n  un i t:  

Overal l  d imensions  and  weight:  

 

6.4. 1 0  Characteristics  for power converters  

Power converters  a l low power to  be  converter between  a. c.  and  d . c.  busses  or busses  at  
d i fferent vol tages.  Un i ts  that combine  two or more  component  functions  are  expected  to  fu l fi l  
the  functions  cal led  ou t  for a l l  devices.  See  Table  20 .  
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Table  20  – Characteristics  for power converters  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Type  of power conversion :  

Outpu t  power:  

Speci fi cation  of control  panel :  

Nom inal  frequency ou tpu t  (as  appropri ate):  

Manufactu re:  

Model  number:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of d . c. /d . c.  converters  and  transformers  

Nom inal  i npu t  vol tage:  

I npu t  vol tage  range:  

Nom inal  ou tpu t  vol tage:  

Outpu t  vol tage  range:  

Maximum  curren t:  

Un i t  effi ciency versus  l oad  or cu rren t:  

Energy consumption  at  zero  l oad :  

Safety features  and /or system  protection :  

Exi stence  and  cal i bration  of converter protection  (aga inst  reverse  polari ty i n  parti cu l ar):  

Conform i ty to  appl i cable  standards:  

Operati ng  temperature  range:  

Overal l  d imensions  and  weigh t:  

I nsta l l ati on  constrain ts ,  characteri sti cs  and  i nstructions:  

Connection  and  wi re  d iag ram  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of d . c. /a. c.  i nverter 

Same as  above,  add i ti onal l y:  

Operation  frequency range:  

Nom inal  frequency:  

Un i t  effi ciency by conversion  power:  

Conti nuous  a. c.  ou tpu t  power:  

Maximum  a. c.  ou tpu t  power and  t ime:  

Outpu t  s i gnal  waveform  (pu l se  and  shape):  

Vol tage  regu l ation :  

Peak effi ciency:  

Total  h armon ics  d i storti on :  

Power factor a l l owed :  

Frequency regu lati on :  

Maximum  a l l owable  pass  through  current  from  a. c.  l oads  ( i f any):  

Power versus  effi ciency cu rve:  

Evolu ti on  of th roughput  versus  l oad :  

Consumption  at  zero  l oad :  

I nverter e l ectri cal  protecti on :  

Outpu t  protection  i ncl ud i ng  short  protection  and  breaker speed :  

d . c.  d i sconnect breaker:  

S tandby mode  and  standby power consumption :  
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Al ti tude  l im i ts  

Type  of g round i ng :  

Ground  fau l t  protection :  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of a . c. /d . c.  power recti fi er 

Same as  above,  add i tional l y:  

Maximum  i npu t  vol tage:  

I npu t  vol tage:  

Un i t  effi ciency versus  conversi on  power curve:   

I npu t  frequency range:   

Over vol tage  protecti on :  

Charge  con trol l er a l gori thm :  

Exi stence  of temperatu re  correction  for charge  con trol :  

 

6.4. 1 1  Characteristics  for the  load  manager/meter 

Th is  device  con tro l s  energy fl ow to  d i fferen t  l oads  and  a l l ows  con tro l  of d i fferen t e lectri ca l  
l oads.  See  Table  21 .  

Table  21  – Characteristics  for load  manager/meter 

I n formation  to  be  forwarded  to  the  project  d eveloper 

Measured  parameters :  

Operations  manual :  

System  con trol  featu res:  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of energy managers  

Control  options:  

Vol tage  range:  

Curren t  range:  

Load  d i sconnect  vol tage  range  and  number:  

Power requ i rements :  

Measurement  accuracy:  

Safety features,  d i sconnects  and /or un i t  protection :  

Overal l  d imensions  and  weight:  

I nsta l l ati on  constrai n ts ,  characteri sti cs  and  i nstructions:  

Connection  and  wi re  d iag ram :  

 

6.4. 1 2  Characteristics  for system  control lers  

System  con trol l ers  provide  an  over-rid i ng  structu re  that ensures  that g iven  proper operation ,  
the  power system  operates  smooth l y and  i n  a  un i fied  manner.  Depend ing  on  system  s ize  and  
complexi ty,  system  control lers  can  be  e i ther re lati vel y s imple  or very complex.  See  Table  22 .  
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Table  22  – Characteristics  for system  control lers  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Measured  ou tpu t  and  cond i ti ons:  

Operations  manual /user i n terface  descripti on :  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of system  control l er 

Control  parameters :  

Un i t  power:  

User i n terface  speci fi cation :  

Control  parameters  and  capabi l i ti es:  

Fau l t  d etection  capabi l i ti es:  

System  mon i tori ng  and  l ogg i ng  capabi l i t i es :  

Control l er type  (PLC manufacture  and  model ) :  

Equ ipment commun ications  requ i rements:  

Remote  access  capabi l i t i es/descri ption :  

Operati ng  temperature  range:  

Overal l  d imensions  and  weight:  

I nsta l l ati on  constrai n ts ,  characteri sti cs  and  i nstructions:  

Connection  and  wi re  d iag ram :  

 

6.4. 1 3  Characteristics  for batteries  

See  Table  23.  

Table  23  – Characteristics  for batteries  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Battery cl assi fi cation  (Lead  Aci d ;  N ickel  Cadm ium ,  etc. ):  

Mai n tenance  cl ass i fi cation  (standard ,  l ow main tenance  or main tenance  free):   

S torage  capaci ty (Ah)  at  speci fi ed  d i scharge  curren t:  

Nom inal  battery vol tage:  

Manufactu rer:  

Part  number:  

Expected  replacement i n terval :  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of battery 

Cost:  

Battery type  (fl ooded ,  tubu l ar,  absorbed  g l ass-mat,  etc. ) :  

Nom inal  battery capaci ty at  d i fferen t  d i scharge  currents:  

Operational  characteri sti cs  of battery at  s tandard  operati ng  temperatu res  for the  consi dered  s i te:  

Vol tage  charge  and  d i scharge  characteri sti cs  for the  battery:  

Approximate  battery i n ternal  res i stance:  

Cycles  to  fai l u re  i n formation  for vari ous  battery depth  of d i scharges:  

Battery term inal /l ug  type  and  l ocation :  

Casing  materi al :  

Battery d imensions  and  weight:  
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6.4. 1 4  Characteristics  for l inks  and  wiring  

See  Table  24.  

Table  24 – Characteristics  for l i nks  and  wiring  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Quanti ty and  materi al  speci fi cation  

Type  approval  

Cost  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of l i nks  

Cross  section  

I nsu lation  material  

I nsu lation  l evel  

Wi re  material  

Temperatu re  rati ng  

Mu l ti  s tranded /sol i d  

Mu l ti  or s i ng le  wi re  cabl e  

Cabl e  type  (armed ,  sh ie l ded ,  waterproof,  etc. )  

 

6.4. 1 5  Energy outputs  

See  Tables  25  to  27 .  

Table  25  – Energy output from  renewable  energies  

Energy source  Associated  
electrical  
energy 

generator 

Instal l ed  
capaci ty 

Energy 
type  
(a. c.  or 
d . c. )  

Vol tage  

V 

Frequency 

Hz 

Expected  energy 
output  

kWh/year 

Sun  Photovol ta ic  
panels  (PV)  

kWc To  be  
defi ned  for 
each  
pro ject  

To  be  defi ned  
for each  
pro ject  

To  be  defi ned  
for each  
project  

To  be  defi ned  for 
each  proj ect  

Water M icrohyd rau l i c  
power pl an t  

kVA     

B i omass  Gas  p lan t  kVA     

Wind  Wind  tu rbine  kVA     

 

Table  26  – Energy output from  fossi l  energies  

Energy source  Associated  
electrical  
energy 

generator 

Instal l ed  
capaci ty 

Energy 
type  

Vol tage  Frequency Expected  energy 
output  

kWh/year  

Fuel  (gas-oi l ,  
motor spi ri t,  
gas ,    etc. )  

Generator set  kVA a. c.  To  be  defi ned  
for each  
pro ject  

To  be  defi ned  
for each  
pro ject  

To  be  defi ned  for 
each  proj ect  
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Table  27  – Energy output from  storage  

Storage  Type  Capaci ty  Power Energy 
type  

Vol tage    

 Batteries        

 Hydrogen        

 F l y wheel        

 

An  example  system  speci fication  and  data  qual i ty assessment i s  provided  i n  Annex C.  

6.4. 1 6  Presentation  of the  costs  

I t  i s  importan t  that  the  costs  associated  wi th  the  project shou ld  be  presented  i n  a  manner 
clearl y understood  by the  parties  i nvolved .  Costs  wi l l  be  broken  down  in to  four areas.  

•  i n i tia l  i nvestment cost (equ ipment,  i n frastructure  and  i nsta l l ation) ;  

•  operati ng  costs  ( labour and  expendable  materia ls) ;  

•  rep lacement costs  (equ ipment and  i nsta l l ation) ;  

•  recovery and  d ismantl i ng  costs.  

I t  shou ld  be  noted  that a l l  cost ca lcu lations  d i ffer depend ing  on  the  party for whom  the  cost 
calcu lations  are  be ing  provided .  A user who  is  l easing  a  speci fic  system  wi l l  not need  to  know 
the  battery replacement cost as  th is  may be  the  responsib i l i ty of the  l ease  issuer and  thus  
on l y the  month l y service  fee  need  be  provide  to  the  consumer.  The  purchaser of a  complete  
system  wi l l  however,  want to  understand  a l l  of the  associated  costs  over the  system  l i fe  to  
compare  th is  to  other e lectri fication  options.  

Costs  suppl ied  to  the  user shou ld  be  provided  i n  at  l east four formats :  

•  yearl y cash  fl ow;  

•  tota l  l i fe  cycle  cost;  

•  l eve l i zed  cost of energy;  

•  annual i zed  maintenance,  operating ,  and  replacement expense.  

Formu las  for each  of these  concepts,  taken  from  the  eye  of the  system  owner,  are  provided  i n  
Annex D .  Formu las  for other importan t  fi nancia l  terms  more  appl icable  to  the  system  from  a  
bus iness  prospective  are  a lso  provided  i n  Annex D.  

Al l  these  costs  shal l  be  cons idered  in  ca lcu lati ng  the  actual ised  d iscoun ted  cost,  depreciati ng  
not on l y the  d i fferen t costs  mentioned  above,  bu t  a lso  the  income from  sale  of energy 
throughou t the  l i fe  of the  i nstal l ation .  Th is  wi l l  enable  the  depreciated  d i fference  ( i ncome – 
cost)  to  be  compared  for the  d i fferent  techn ica l  so lu tions  stud ied .  

6.4. 1 7  Design  warranty 

A warranty of the  design  of the  power system  i s  an  importan t  factor bu t unfortunatel y very 
hard  to  col lect  and  val i date.  Th is  i s  general l y due  to  the  s tructure  of the  proj ect,  the  speci fic 
cri teria  that are  used  i n  the  design  process  and  the  fact that the  input  to  the  design  process  
(renewable  resource  in formation)  i s  h i gh l y variable.  Determ in ing  that the  m icro-power p lan t i s  
operati ng  i s  an  easy assessment,  knowing  that i t  can  produce  the  speci fi ed  amount of energy 
i n  1 0  years  i s  a lmost impossib le.  Al though  obtain ing  a  design  warran ty stating  that  the  system  
was  des igned  to  provide  a  speci fied  l oad  g iven  speci fi ed  renewable  i npu t shou ld  be  obta ined ,  
i t  i s  much  more  important to  know that the  organ ization  doing  the  des ign  has  experience  i n  
the  fie ld  of h ybrid  power systems.  I t  wou ld  a l so  be  appropriate  to  have  ind ividuals  wi th  
experience  review any proposals  or system  designs  provided  by th i rd  party organ izations.  
More  i n formation  on  tests  for  power systems  is  provided  in  C lause  6  of I EC TS  62257-3: 201 5.  
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6.4. 1 8  Steps  to  reduce  the  impact of cl imatic hazards  on  system  performance  

Steps  shal l  be  taken  to  reduce  the  impact  of cl imatic  variabi l i ty by detai l i ng  the  l evel  of 
resource  and  demand  in formation  avai l able  and  thei r effect  on  the  vari abi l i ty of the  service  
del ivered .  An  effort shal l  be  made  to  ensure  that appropriate  data  is  used  for the  des ign .  I t  i s  
expected  that  the  designer wi l l  provide  a  reference  to  the  process  used  in  the  des ign  and  
s i zi ng  of the  system.  

6.4. 1 9  Presentation  of the  environmental  and  social  impact   

List  of i tems concern ing  the  environmenta l  impact assessment wi l l  be  produced .  

6.4.20  Presentation  of the  socio- economic impact assessment 

The fi nal  design  shal l  be  checked  i n  the  l i ght  of previous  socio-econom ic stud ies.  

6.5  Proposal  for a  s izing  process  

The des ign  and  component s i zi ng  of h ybrid  power systems requ i re  an  understand ing  of many 
confl icti ng  and  overlapping  cri teria.  I n  some cases  the  solu tion  i s  qu i te  easy,  i n  others  i t  i s  
much  more  compl icated .  To  add  to  the  d i fficu l ti es,  usual l y there  is  not the  time to  complete 
detai l ed  assessments  for each  i nd ividual  system  and  so  a  basic  methodology shal l  be  
adopted  to  s impl i fy the  process  to  a l l ow for rapid  implementation .  I n  general ,  there  are  s ix 
basic  techn ica l  cri teria  that  have  great impact on  the  design  of systems:  

•  the  l oad  to  be  met  i n  the  communi ty/household ;  

•  the  natural  resources  avai l able  close  to  the  commun i ty/ household ;  

•  the  cost of d iesel  or a l ternative  fuel ;  

•  cost  of the  d i fferen t technology options;  

•  i f the  system  cou ld  be  commun i ty based ,  the  l ayou t of the  communi ty and  the  cost of 
power d istribu tion  materia ls;  

•  fina l l y,  a l though  not  speci fical l y techn ical ,  the  l evel  of techn ica l  abi l i ty avai l able  to  
faci l i tate  service  and  repair of system  and  i ts  components.  

To  d iscuss  each  of these  i tems  i ndependentl y i s  beyond  the  scope  of th is  part  of I EC 62257,  
bu t clearl y wi th  the  consideration  of each  of these  i n terlocked  issues,  the  problem  can  get 
qu i te  complex.  Of i n i ti a l  importance,  and  l ikel y the  hardest part  of the  whole  process,  i s  
obtain ing  accurate  data  for the  above  cri teria  so  that i n formed  decis ions  can  be  made.  

There  are  many tools  that have  been  created  to  assist  in  the  des ign  and  s i zing  of power 
systems.  Some of these  are  software  based ,  others ,  l ike  the  example  shown  in  Annex E ,  
describe  a  des ign  ph i l osophy that  can  be  fol l owed .   There  have  a lso  been  a  number of books  
wri tten  on  the  process  as  wel l  as  several  period ica ls  that  can  be  referenced .  The  on l y 
recommendation  that can  be  made i n  th is  techn ica l  speci fication  i s  that for any major proj ect 
or implementation ,  a  method  for the  des ign  and  s izing  of the  system  be  developed  or adopted .  
Th is  methodology shou ld  then  be  tested  in  a  few i n i ti a l  l ocations  and  lessons  i ncorporated  
before  being  pu t i n to  general  practice.  

6.6  Impact of design  assumptions  on  system  sizing  and  cost  

Th is  subclause  deals  wi th  des ign  assumptions  other than  resources  and  demand  data  
addressed  i n  6 . 4 .  These  des ign  assumptions  cover d i fferen t aspects  such  as  l evel  of service,  
equ ipment l i fe,  main tenance  and  replacement assumptions.  

Table  28  summarizes  the  impact  of energy management assumptions  on  the  d imensions  of an  
i nstal l ation  and  the  impact of l evel  of service  on  the  s i zi ng  of an  i nstal l ation .  
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Table  28  – Incidence  of energy management assumptions  on  system  sizing  

Level  of service  assumptions  Incidence  on  si zing  

Number of days  wi thou t  renewable  energ ies  Battery au tonomy 

Battery cycl i ng  choice  

Battery type  

REN  generator d imensions  for charg ing  the  batteri es  

Function  of generator set  

•  back-up   (parti ci pati on  i n  the  annual  tota l  energy)  

•  emergency supply i n  the  even t of a  component 
fa i l i n g  or an  excepti onal  peri od  wi thou t  REN  going  
beyond  the  desi gn  d imension i ng  assumptions  

Power of the  set  

Type  of set:  

•  motor spi ri t  

•  d i esel  

•  normal  or i ndustria l  qual i ty  

Rate  of use  of the  set  Fuel  s torage  capaci ty  

D imensions  of generator us i ng  REN  

Dimensions  of batteri es  

Appl i cation  or user l oad -shedd i ng  assumptions  

•  l oad -shedd i ng  au thori sati on  

•  l oad -shedd i ng  h ierarchy 

 

Capaci ty of batteries  

Power of set  

Energy constrai n ts  set  by certa in  appl i cations:  

•  operati ng  time  s l ots  

•  power cal l s ,  etc.  

 

Power of batteri es  

D imensions  of i n verter 

Service  l i fe  of equ i pment Qual i ty of components  and  equ ipment chosen  

Power management  d esign  

 

The  ou tcome of s i zing  i s  to  reach  an  acceptable  comprom ise  for each  proj ect,  taking  i n to  
cons ideration :  

•  i n i tia l  i nvestment/capi ta l  costs ,  

•  operati ng  and  general  main tenance  costs,  

•  component replacement/renewal  costs,  

•  recycl i ng/d ismantl i ng  costs.  

Speci fic  ca lcu lation  methods  are  described  i n  6. 4. 1 6  and  Annex D.  The  assumptions  for 
calcu lati ng  these  costs  and  i n  particu lar the  d iscoun t rate  to  be  appl ied  shal l  be  determ ined  by 
the  proj ect  developer.  Calcu lating  the  system  costs  is  the  responsibi l i ty of the  proj ect 
implementer in  cooperation  wi th  system  contractors.  

Most of the  techn ical  choices  shal l  fo l l ow from  the  cost  targets  set  by the  project developer.  

The  term  “techn ical  choices”  represents  the  type  and  qual i ty of the  proposed  system :  

•  system  type  and  arch i tecture:  

– the  organ isation  and  structure  of the  insta l l ation  that i s  to  generate  and  d i stribute  the  
energy,  

– energy d istribution  i n  a . c.  or d . c.  form ,  and  the  qual i ty of the  suppl y ( type,  power,  wave  
form ;  s inusoidal ,  square  or other) ,  

– l ocation  of system  operation  break or i so lati ng  poin ts  and  types  of swi tchgear,  

– e lectrical  protection  systems  (fuses,  ci rcu i t-breakers);  
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•  q ual i ty of the  components  and  techn ical  characteristics  (photovol ta ic modu les,  wind -
powered  generator,  batteries,  generator set)  from  amongst the  equ ipment avai lable  on  the 
market.  

Several  i terations  may be  necessary before  arri ving  at the  best comprom ise  to  be  proposed  to  
the  proj ect developer.  The  range  of choice  may a lso  be  restricted  i f the  budget  set  by the  
proj ect developer i s  too  i n fl exib le,  i n  wh ich  case  i t  wi l l  no  l onger be  a  matter of fi nd ing  the  
best techn ica l /economic comprom ise  but of fi nd ing  the  best qual i ty service  rendered  for a  
g i ven  target  cost.  

Table  29  summarises  the  main  consequences  of techn ica l /economic choices  in  determ in ing  
system  s i zing .  Th is  l i s t  i s  not  comprehensive.  

Table  29  – I ncidence  of cost management assumptions  on  system  d imensions  

Li fe  span ,  maintenance  and  replacement 
assumptions  

Impact on  si zing  

In tended  equ ipment l i fe  span :  

•  short  (5  years)  

•  normal  (1 0  years)  

•  l ong  (1 5-20  years)  

Equipment maintenance  pol icy:  

•  setti ng  up  main tenance  structu res  

•  trai n i ng  and  capabi l i ty of main tenance  agen ts  

•  type  of main tenance  (preventi ve,  remed ial )  

•  s tock of spares  parts ,  etc.  

Components  and  equ ipment replacement pol i cy:  

•  i nstal l ati on  take-over s tructu re  

•  rep lacement frequency,  preventi ve  main tenance,  
correcti ve  main tenance,  etc. ,  pol i cy  

Qual i ty of components  

Qual i ty of e l ectri ci ty suppl i ed  

Battery type  

Battery capaci ty 

Battery charg ing  capaci ty of generator 

Qual i ty of energy management  and  battery a l gori thms  

Type  of generator set  

Type  of equ ipment used  (robustness/ rel i abi l i ty,  energy 
consumption ,  etc. )  

 

6.7  Guarantee  of resu lts   

The designer shal l  be  i n  a  posi ti on  to  exh ib i t  guaran teed  resu l ts ,  hence  the  actual  nature  of 
steps  he  i n tends  to  make  shou ld  a  s izing  or performance fa i l u re  be  evidenced .  

7 Data acquisi tion  ru les  for system  management 

7. 1  Overview 

Automatic or manual  energy management requ i res  i n formation  about  the  curren t operation  of 
the  power system.  I t  i s  importan t to  understand  the  i n formation  needed  to  manage the  system  
operation ,  i n  other words,  wh ich  power system  parameters  shou ld  be  mon i tored  to  obta in  
i n formation  abou t current  operation .  Clause  7  describes  the  m in imum  requ i rements  to  perform  
th is  speci fic  task.  Complementary i n formation  may a lso  be  requ ired  for scien ti fic  or va l idation  
purposes.  

Th is  topic i s  of importance  i n  the  system  des ign  process  as  i t  re lates  speci fica l l y to  the  fi nal  
power system  configuration  and  performance.  

7.2  General  

I n  C lause  7 ,  the  speci fication  describes  the  m in imum  set of measurements  to  be  made by the  
data  acqu is i tion  equ ipment i nsta l l ed  i n  systems for e lectri fication  of remote  s i tes  by renewable  
energy based  isolated  e lectri fication  systems.  C lause  7  describes  fi rst  i n formation  requ i red  by 
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the  d i fferent componen ts  i nvolved  in  operation  of the  system  and  then  l i s ts  data  that  shal l  be  
col lected  to  provide  th is  i n formation .  

Withou t considering  any speci fic techn ica l  so lu tions,  system  des igns  or where  the  data  
acqu is i ti on  equ ipment shal l  be  implemented ,  the  document a ims  to  l i s t  the  d i fferen t 
measurements  that sha l l  be  obtained  to  manage the  power system  properly.  

7.3  Levels  of data  acquisi tion  and  data  necessity 

7.3. 1  General  

Five  types  of i n formation  may be  needed  for the  management of an  au tonomous  i nstal l ation  
i n tended  to  provide  e lectric power to  remote  s i tes :  

•  i n formation  i n tended  to  ensure  satisfactory operation  of the  i nsta l l ation  and  i ts  energy 
management system,  

•  i n formation  in tended  to  veri fy that  the  con tracts  between  the  d i fferent parties  i nvolved  are  
compl ied  wi th  (see  I EC  TS  62257-3),  

•  i n formation  i n tended  for the  user to  enable  h im/her to  make good  use  of h is/her 
i nstal l ation ,  

•  i n formation  i n tended  for main tenance  and  troubleshooting  of the  power system,  

•  i n formation  for scien ti fic  anal ys is .  

The  recipien ts  of th is  in formation  are:  

•  the  energy manager or system  control  ci rcu i try,  

•  the  operator of the  instal lation ,  

•  the  user.  

To  meet these  needs,  mon i toring  systems  a im  to  measure  physical  data  or system  states  and ,  
when  col lected ,  processes  to  provide  s tatus  of the  operating  cond i tions.  I n  certa in  cases ,  data 
may a lso  be  stored  for the  d i fferent  recipien ts  described  above.   

D i fferen t types  of power systems use  d i fferen t data  processing  functions  that can  be  l ocated  
on  a  s ing le  or on  several  i nd ividual  p ieces  of equ ipment,  depend ing  on  the  manufacturers  
des ign .   

General l y,  the  control  of  h ybrid  power systems  is  qu i te  s imple,  as  most components  of a  
power system  are  control l ed  i ndependentl y and  ti ed  to  the  battery bank vol tage  for energy 
management.   H ybrid  power systems  rare l y have  a  s i ng le  supervisory con trol l er or energy 
manager that  con trols  al l  aspects  of the  power system  operation .  Subclauses  7. 3. 2  to  7 . 3 .5  
i n troduce  the  detai led  i n formation  needed  and  re levant  data  that  are  to  be  col lected  to  
e laborate  th is  i n formation .  

7.3.2  Information  to  provide to  the  energy manager and  relevant data  to  be  col lected  

The functional  speci fi cation  of the  energy managers  and/or con trol  systems   i nd icates  the  
detai l ed  functions  to  be  fu l fi l l ed .   

The  main  function  of th i s  equ ipment i s  to  au tomatical l y manage operating  cond i ti ons  of the  
e lectri fication  system ;  wh ich  means  that i t  shal l  be  able  to  manage:    

•  energy flows  between  "production "  and  "storage",  

•  energy flows  between  "storage"  and  " loads",  

•  energy flows  between  "production "  and  " loads" ,  

•  “on /off”  orders  for the  genset (when  appl icable) ,  
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•  i n formation .  

The  main  questions  of i n terest for the  energy manager are :  

•  How much  energy is  avai l able  from  the  power system? 

•  How much  energy is  needed  by the  user(s)  of the  system?  

•  How much  of produced  energy,  i n  excess  versus  demand ,  can  be  stored  i n  the  battery 
bank?  

The  energy manager shal l  mon i tor the  physica l  magn i tudes  involved  i n  the  operati ng  status  of 
the  power system .  Th is  a l l ows  decis ions  concern ing  production  and  suppl y of energy wh i l e  
ensuring  a  l ong  service  l i fe  of the  equ ipment.  

Table  30  g i ves  the  i n formation  requ ired  by the  energy manager to  operate  properl y.  Next to  
th is  l i s t of in formation  i s  the  l i st  of the  data  to  be  col l ected .   

NOTE  Because  of the  complexi ty of i nd ivi dual  con trol l ed  components ,  th i s  techn ical  speci fi cation  does  not  
describe  i n ter-component con trol  mechan isms,  on l y i n tra-component con trol  parameters .  D i fferen t  combinati ons  of 
the  data  above,  e i ther mon i tored  d i rectl y or i n d i rectl y wi l l  g i ve  the  energy manag ing  system  the  abi l i ty to  d i rect  
power fl ow i n  order to  meet the  l oad ,  i f poss ible.  

Table  30  – I nformation  requ ired  by the  energy manager and  data  to  col lect  

Mana-
ger 

func-
tion  
No.  

Name of function  In formation  needed  by the  
energy manager 

I n formation  the  moni toring  
system  shal l  provide  

1 )  Management of energy fl ows  i n  production  – s torage  

1 . 1  Battery charg ing  by REN  sources  or by 
the  generator set  ( i n  case  of d i esel  
ru ral  m icro-p lant)  

Energy s tored  i n  batteri es :  
E
Bat  

 
Vol tage  across  battery 
term inal s :  U

Ba t
 

1 . 2  Non  battery overl oad   Battery current:  I
Ba t

 

1 . 3  Optim ization  of the  power of the  PV 
generators  as  a  fu nction  of i rrad iance   

 Vol tage  across  genset  
term inal s :  UGR

 

1 . 4  Equal i zati on  l oad  (programmed  day)   Curren t  pu t  ou t  by the  genset:  
IGR  

1 . 5  Con trol  of d i rection  of ci rcu lati on  of the  
cu rren t  i n  the  l i nks  sou rces-storage  

 Genset  runn ing  t ime:  T
GR
 

2)  Management of energy fl ows  i n  storage – loads  

2. 1  Power supply for backed  up  a. c. /d . c.  
l oads  

Energy stored  i n  batteri es:  
E
Bat  

 
Vol tage  across  l oads  term inal s :  
U
U ti l

 

Cu rren t  i n  l oads:  I
Uti l
 

Loads  runn i ng  time  

2 . 2  Shedd ing  of backed  up  a. c.  or d . c.  
l oads  

 Vol tage  across  battery 
term inal s :  UBa t

 

2 . 3  Maximum  vol tage  l im i tation  at  term inal s  
of backed  up  a . c.  or d . c.  l oads  

Vol tage  across  l oads  
term inal s :  U

U ti l
 

 

2 . 4  Hold i ng  of m in imum  vol tage  at  
term inal s  of backed  up  a . c.  users  

  

2 . 5  Power supply to  non -backed  up  a. c.  or 
d . c.  l oads  

Energy s tored  i n  batteri es :  
E
Bat  

 
Vol tage   across  l oads  term inal s :  
U
U ti l

 

Cu rren t  i n  l oads:  I
Uti l
 

2 . 6  Shedd ing  of non-backed  up  a. c.  or d . c.  
l oads  

 Loads  runn i ng  time  

2 . 7  Maximum  vol tage  l im i tation  at  term inal s  
of non  backed  up  a . c.  or d . c.  l oads  

Vol tage  across  l oads  
term inal s :  U

U ti l
 

Vol tage   across  l oads  term inal s :  
U
U ti l
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Mana-
ger 

func-
tion  
No.  

Name of function  In formation  needed  by the  
energy manager 

I n formation  the  moni toring  
system  shal l  provide  

2. 8  Hold ing  of m in imum  vol tage  at  
term inal s  of non-backed  up  a . c.  l oads  

  

3)  Management of energy fl ows  i n  production  – loads  

3. 1  Power supply to  backed  up  a . c.  l oads  
from  the  generator set  

Energy produced  by the  
genset:  E

GR
 

Energy produced  by a l l  REN  
devices  E

REN
 

Vol tage  across  genset 
term inal s :  UGR

 

Cu rren t  pu t  ou t  by the  genset:  
I
GR
 

3 . 2  Break i n  power-suppl y to  backed  up  
a. c.  l oads  from  the  generator set  

 Genset  runn ing  t ime:  T
GR
 

3 . 3  Power supply to  battery-l ess  l oads  Energy s tored  i n  batteri es :  
E
Bat  

 
Vol tage  across  REN  generator:  
U
REN

 

 

3 . 4  Shedd ing  of battery-l ess  l oads  Energy theoreti cal l y 
producib le  REN :  E

Th   
 

Ou tpu t  cu rren t  of the  REN  
source:  I

REN
 

4)  Management of genset on /off orders  

4. 1  S tart  generator set  Energy stored  i n  batteri es :  
E
Bat  

 

Energy produced  by a l l  REN  
devices  E

REN
 

Al l  data  for EBat  as  above  

I
Uti l
 ( for management of h i gh  

l evel  power demand :   

4 . 2  S top  generator set    

5)  I n formation  management 

5. 1  Suppl i ed  by the  i nstrumentation    

5 . 2  Suppl i ed  by the  operator   

5 . 3  Retu rn  i n formation  to  the  actuators  
( i n formation  re lati ng  to  the  
management  decis ions)  

(These management and communication functions are 
possible if original measured data  are processed )  

5. 4  Retu rn  i n formation  to  the  operator 

(  i n formation  relati ng  to  the  
management  decis ions)  

  

5 . 5  Retu rn  i n formation  to  the  user 
( i n formation  re lati ng  to  the  
management  decis ions)  

  

 

7.3.3  Information  to  provide to  the  operator and  relevant data to  be  col lected  

The  operator of the  i nsta l lation  needs  several  types  of in formation ,  summarised  in  Table  31 ,  
wh ich  concerns  compl iance  wi th  the  con tract  and  assistance  i n  troubleshooting  and  
maintenance.  The  operator shal l  check that the  performance capabi l i ti es  of the  i nstal l ation  are  
i ndeed  those  declared  by the  system  design ,  equ ipment speci fication  and  commission i ng  
documentation .  The  analys is  of the  system  operati ng  parameters  may also  a l low the  owner to  
assess  system  efficiency improvements  and  more  effectivel y troubleshoot problems  wi th  
system  operation .  

NOTE  1  Energy defi ci ency i n  the  i nstal l ati on  can   have  three  main  causes:  

– fa i l u res  of equ ipment,  

– l ack of production ,  

– over consumption  by the  user.  

NOTE  2  The  desi gner wi l l  have  the  opportun i ty to  implement  a  d ata  acqu is i ti on  system  that  i s  e i ther a  fi xed  piece  
of equ ipment or a  temporary system  that  can  be  removed  after an  i n i ti a l  break i n  peri od  i n  the  case  of operati ona l  
questions.  I n  add i ti on ,  a  mon i tori ng  system  that  on ly add resses  areas  of concern ,  such  as  system  power production ,  
can   be  i nsta l l ed  on  a  permanent  bas i s .  
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Table  31  – Information  requ ired  by the  operator and  data to  col lect  

Requirement I n formation  to  provide  to  
the  operator 

Requ isi te  data  

Requested  i n formation :  compl iance  wi th  the  contract  

Check that  the  performance  capabi l i ti es  of the  
i nstal l ati on  comply wi th  the  system  design  

Theoreti cal  energy 
producti on  REN :  E

Th   
 

Actual  system  energy 
production  

Resou rce  measurement at  s i te:  
V
Avg . 1

,  T
Amb

,  GT,  V
F l ow

 

Production  of speci fi c  
generati on  components:  E

Wtg
,  

E
GR
,  EPV  EHyd ro ,  Gen  Fuel ,  

Genset  runn ing  t ime:  TGR   

Check that  the  energy consumption  l im i ts  
provi ded  for by the  equ ipment d imension ing  and  
defi ned  i n  operator/user "con tract"  are  compl ied  
wi th  

User energy consumption :  
E
Uti l  

 
EUti l  

Check that  speci fi c  components  meet i n i t i a l  
requ i rements  

I nverter and  battery 
effi ciencies  are  as  speci fi ed  

Energy ou tpu t  of energy 
producers  meet  
requ i rements  for vol tage  and  
frequency 

IBat,  UBat:  II n v,  IU ti l ,  UU ti l  

UUti l ,  Freq ,  Power factor,  
harmon ic d i s torti on  

Requested  i n formation :  assi stance in  troubleshooting  and  maintenance  

Knowl edge  of the  operati ng  cond i ti ons  of the  
i nstal l ati on  before  conducti ng  any main tenance  
work  

Fau l t  i d enti fi cati on   

 S tate  of charge  of the  
batteries :  EBa t   

Vol tage  across  battery 
term inal s ,  UBat  

Battery current:  IBa t  

Battery temperature  tBat  

Troubleshooti ng  i n  the  event  of fa i l u re  Past  record  of the  
production ;  l ogged  data  

Key system  parameters :  a l l  
above  parameters  

 Past  record  of the  fa i l u res  System  l ogbook 

 

7.3.4  Information  to  provide to  the  user and  relevant data  to  be  col lected  

The  i nstal l ation  user wishes  to  make the  best possible  use  of h is/her i nsta l lation  and  wi l l  wish  
to  receive  prior warn ing  i n  the  event of a  ri sk of l ack of energy and  any other event  l i able  to  
coun ter h is/her consumption .  To  do  so,  the  user needs  i n formation  as  shown  in  Table  32 ,  
main l y the  state  of charge  of the  batteries.  

Table  32  – Information  requ ired  by the  user and  data  to  col lect  

Requirement I n formation  to  provide  to  
the  user 

Requ isi te  data  

Energy avai l able  S tate  of charge  of the  
batteries:  EBa t  

Vol tage  measu red  across  the  
term inal s  of the  battery,  UBat  

Battery current:  IBa t  

Battery temperature  tBat  

 Energy production ;  EREN ,  
EGEN  

Operation  and  production  of 
speci fi c  generati on  component:  
UGR,  IGR,  UREN ,  IREN  

I nstantaneous  energy avai l ab le  I nd ication  of i nstan taneous  
ava i l abi l i ty of energy 

Same as  above  

Curren t  l oad :  IUti l ,  UU ti l  

Knowl edge  of the  ri sk not  to  have  energy 
ava i l able  

Pred icted  energy avai l abi l i ty 
based  on  cu rrent  cond i ti ons  

Same as  above  
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7.3.5  Summary of the  i nformation  requ ired  

Table  33  summarises  the  l i s t  of the  requ i red  i n formation  and  the  ass igned  destinations.  

Table  33  – Summary of the  needed  in formation  

Required  i n formation  

Assigned  destinations  

Energy 
manager 

Operator 

User Compl iance  
wi th  

contract  

Troubleshooting/  
maintenance  

I n stan ta -
neous  
i n formati on  

UU ti l  Vol tage  across  l oads  
term inal s  

( )      

Record s  on  
runn i ng  
d ays  

 Qual i ty of power ou tpu t        

 Fau l t  i d enti fi cati on         

EBat  Energy stored  i n  the  batteries         

ECh  ba t  S tate  of charge  of the  
batteries   

      

ETot Total  energy production .  
EREN ,  EGen  

      

EReal  Energy produced  by REN  ( )       

ETh  Energy theoreti cal l y 
producib le   from  REN  

      

EGR  Energy produced  by the  
genset  

( )      

EU ti l  Energy consumed  by l oads  
(d . c.  and /or a. c. )   

      

 Envi ronmental  cond i ti ons  ( )      

 Runn ing  time  of the  genset  ( )       

Past  
records  

 Past  production  from  REN  
record  

     ( )  

 Past  possible  production  
from  REN  record  

     ( )  

 Past  consumption  record       ( )  

 Past  fau l t  record     ( )  

 Past  s tate  of charge  of the  
batteries  record  

    ( )  

 Past  production  from  genset 
record  

     ( )  

  I n formation  requ i red  as  a  m in imum  to  a l l ow the  management  of the  system .  

( )  I n formation  requ i red  for a  better comfort  or a  better accuracy i n  the  management of the  system .  

 

7.3.6  Scienti fic data  col lection  

Scien ti fic  data  col l ection  wou ld  requ i re  the  col l ection  of data  from  a lmost every parameter 
poss ib le  to  a l l ow the  anal ys is  of every system  operating  cond i tion  a l though  th is  l evel  of data  
anal ys is  may be  usefu l  on  a  very l im i ted  basis  for very l arge  proj ect  implementation .  

7.4  Data  to  be  col lected  

I n  re lation  to  the  d i fferen t needs  of in formation  as  i n troduced  above,  Table  34  l i s ts  the  
m in imum  data  that  shou ld  be  col lected  from  the  power system .  
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Table  34  – M in imum set  of data to  be  col lected  

Data  

UBa t
 Vol tage  at  battery term inal s    

IBa t  Battery cu rren t  (and  d i rection)    

θBat   Battery temperature  ( )  

UREN   REN  sou rces  vol tage  ( )  

IREN   REN  sou rces  cu rrent  – for each  renewabl e  device  i s  appropri ate  and  des i red .    

UGR   Generator set  vol tage  ( )  

IGR  Generator set  cu rren t    

UUti l   Appl i cations  suppl y vol tage  (d . c.  and /or a. c. )    

IUti l   d . c.  and /or a. c.  app l i cations  suppl y current    

e ’GR  Genset  s tarti ng  status  ( )  

eGR  Genset   operati ng  status   ( )  

GEn  fue l  Genset fue l  consumption  ( )  

tBat  Battery temperature  ( )  

tAmb  Ambien t  temperature  ( )  

TGR  Generator set  runn ing  t ime    

  I n formation  requ i red  as  a  m in imum  to  a l l ow the  management of the  system .  

( )  I n formation  requ i red  for a  better comfort  or a  better accuracy i n  the  management of the  system .  

NOTE  Th is  table  i n troduces  a  l i s t  cons idered  as  a  m in imum .  I t  i s  a lways  possib le  to  obtain  more  i n formation  (for 
example  for a  more  accurate  management,  for scien ti fi c  pu rpose,  or va l i dation).  Bu t,  i n  a  l ot  of s i tuati ons,  
especial l y i n  devel opi ng  countries ,  m in imum  cost  i s  a  key poi n t  to  be  cons i dered .  

 

As  shown  i n  Table  35,  the  amount of usefu l  i n formation  needed  i s  i n  d i rect re lation  wi th  the  
complexi ty of the  system  to  be  managed  and  thus  the  system  classi fication .   

Th is  table  encourages  the  system  designer to  adapt  the  soph istication  of the  data  acqu is i ti on  
system  to  the  soph istication  of the  power system.  

( I denti fication  of the  systems  refers  to  the  class i fi cation  defined  i n  I EC  TS  62257-2) .  

  

International  Electrotechnical  Commission

 



 – 48  – I EC TS  62257-4:201 5    I EC  201 5  

Table  35  – Relationsh ip  between  requ ired  in formation  and  system  archi tecture  

  Systems  

Requ ired  i n formation  T1  T2  T3  T4  T5  T6  

I nstantaneous  
i n formation  

UUti l  Appl i cations  suppl y vol tage  (d . c.  and /or a. c. )  ( )            

Records  on  
runn ing  days  

 Fau l t  i d en ti fi cati on   ( )  ( )  ( )  ( )  ( )  ( )  

EBat  Energy stored  i n  the  batteries            

ECh  bat  S tate  of charge  of the  batteri es           

EReal  Energy produced  by REN  ( )          

ETh  Energy theoreti cal l y producib le   from  REN  ( )          

EGR  Energy produced  by the  genset            

EU ti l  Energy consumed  by l oads  (d . c.  and /or a. c. )             

 Runn ing  t ime  of the  genset            

Past  records  

 Past  production  from  REN  record  ( )  ( )  ( )  ( )    

 Past  possible  production  from  REN  record  ( )  ( )  ( )  ( )    

 Past  consumption  record   ( )  ( )  ( )  ( )  ( )  

 Past  fau l t  record  ( )  ( )  ( )  ( )  ( )  ( )  

 Past  state  of charge  of the  batteri es  record   ( )  ( )  ( )  ( )  ( )  

 Past  production  from  genset record    ( )  ( )  ( )  ( )  

 

7.5  Operating  cond itions,  e lectrical  and  eng ineering  requ i rements  for data  
acquisi tion  

For curren t and  vol tage  measurements ,  i t  i s  advised  to  take  averaged  measurements  over  
1 0  m in  together wi th  the  m in imum  and  maximum  values  throughout the  day.  

Protection  performances  (cri teria  I P)  shou ld  be  more  s trict.  

The  data  acqu is i tion  system  shal l  be  powered  by the  e lectri fication  system  as  a  l oad  or by an  
i ndependent  power system .  I f suppl ied  by the  power system,  the  data  acqu is i ti on  system  
shou ld  not d is turb  any e lectrica l  characteristics  of the  system .  Energy consumption  of the  
DAS  shou ld  be  as  low as  poss ib le:   

Less  than  5  %  of the  average  dai l y produced  energy,  for power systems wi th  WP  <  500  W.  

Less  than  2  %  of the  average  dai l y produced  energy,  for power systems wi th  WP  >  500  W.  

Any fau l ts  of the  data  acqu is i ti on  system  shal l  have  no  i n fl uence  on  the  mon i tored  power 
system.  Rel iab i l i ty of the  i nsta l l ation  shal l  be  the  same wi th  or wi thout operation  of the  data  
acqu is i ti on  system .   
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Annex A 
(informative)  

 
Example  for detai led  performance cri teria  and  levels   

for a  production  subsystem  

Referring  to  the  functional  description  l i s t,  each  function  shal l  be  developed  i n  order to  
express  the  objectives  to  be  obtained  for the  s i tes  stud ied .  

The  i n formation  presented  shou ld  be  in  accordance  wi th  the  fo l l owing  model  as  g i ven  in   
Table  A. 1  below.   

Table  A. 1  – Detai led  performance cri teria  and  levels  for a  production  subsystem  

X.  FUNCTION  

X.Y.  sub-function  Performance  cri teria  Performance l evels  Remarks  

•  Services  rendered  

•  Constrain ts  compl ied  
wi th  

I nd icators  selected  to  
qual i fy the  abi l i ty of a  
sol u ti on  to  render the  
services  expected  or to  
comply wi th  the  constrai n t  

Quanti tati ve  requ i rements  
(wi th i n  the  cri teria  
defi ned )  gu i ded  by the  
“market”  to  be  sati sfi ed  

 

 

The  fo l l owing   Table  A. 2  g i ves  an  example  i l l ustrating  function  1 . 1  for a  T3.C  system  (see  
IEC TS  62257-2) :  

Table  A.2  – Typical  example  of Table  A. 1  

1 .  GENERATION  OF  ELECTRIC  POWER 

Sub-function  Performance  cri teria  Performance l evels  Remarks  

1 . 1  Production  of e l ectri cal  
energy from  primary 
energ i es   

•  d . c.  energy to  be  
produced  per d ay 

i n  Wh/ day  

1 . 1 . 1  from  solar energy  •  share  of tota l  energy 
to  be  provided  

i n  Wh/day i n  Wc 

 

 

•  peak power i n  d . c.  V  

•  nom inal  vol tage    

•  d i rection  of ci rcu lation  
of curren t  i n  l i nk  

panels  to  battery:  an ti -
retu rn  d iode  i n  each  
branch  

 

•  e tc.    

1 . 1 . 2  From  fossi l  energy 
(generator set  p l us  charger)  

•  share  of tota l  energy 
to  be  provided  

i n  Wh/day (d . c. )   

1 . 1 . 2 . 1  Generati ng  an  a. c.  
vol tage  from  the  set  

•  power  i n  kVA,  cos  ϕ  =  0 , 8   

•  vol tage  i n  a . c.  V +  1 0  %   

•  frequency i n  H z ±  2  H z   

1 . 1 . 2 . 2  Converti ng  the  a. c.  
vol tage  of the  set  i n to  d . c.  
vol tage  

•  fuel  au tonomy i n  month  (0 , 25  l  tank 
per kVAh)  

 

•  characteri sti cs  th ree-phase  or s i ng le-
phase  

 

•  nom inal  cu rren t  i n  A  

•  charger effi ciency >90  %   

•  vol tage  i n  V +  2  %   

•  i n ternal  consumption  i n  Wh/day  

•  l oad  management    

etc.  •  e tc.  etc.   
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Annex B  
(informative)  

 
Example  for detai led  performance cri teria  and  levels  

for a  d istribution  subsystem  
 

The i n formation  presented  shou ld  be  i n  accordance wi th  the  fol lowing  model  as  g iven  in  Table  
B. 1 :  

Table  B. 1  – Detai led  performance cri teria  and  levels  for a  d istribution  subsystem  

X.  FUNCTION  

X.  Y.  sub-function  Performance  cri teria  Performance l evels  Remarks  

•  Services  rendered  

•  Constrain ts  compl ied  
wi th  

I nd icators  chosen  to  
qual i fy the  abi l i ty of a  
sol u ti on  to  render the  
service  expected  or to  
comply wi th  the  constrai n t  

Quanti tati ve  requ i rements  ( i n  the  
cri teri on  defi ned )  gu i ded  by the  
“market”  to  be  sati sfi ed  

 

 

Hereinafter i s  an  example  of an  e lemen t of the  deta i l ed  functional  speci fication  for the  
fol lowing  function :  connecting  the  power p lan t  to  the  appl ication  poin ts ,  see  Table  B. 2 .  

Table  B .2  – Typical  example  of Table  B .2  

1 .  TO CONNECT THE  PRODUCTION  SOURCES  TO THE  APPLICATION  POINTS  

sub-function  Performance cri teria  Performance  l evels  Remarks  

1 . 1 .  To  connect to  the  rural  
m icro-power plan t  

•  Total  transm ission  
capaci ty  

  

1 . 2.  To  d istribute  the  ru ral  
m icro-power plan t suppl y 

•  N umber of off takes  (characteri sti cs  of s i te)   

1 . 3.  To  transmi t the  energy 
to  the  appl ication  points  

•  Transm ission  
capaci ty of each  main  
trunk l i ne  

•  Total  l ength  of 
network  

(characteri sti cs  of s i te)   

1 .4.  To  d istribute  the  energy 
transmi tted  at l ocal  l evel  

•  Transm ission  
capaci ty of each  
secondary trunk l i ne  

•  N umber of secondary 
trunk l i nes  

•  N umber of customers  
per branch  poin t  

(characteri sti cs  of s i te)   

1 .5.  To  enabl e  energy 
transmission  to  be  
i n terrupted   

•  N umber of cu t-
off/con trol  poi n ts  

(characteri sti cs  of s i te)   

1 .6.  To  connect up  to  the  
appl ication  points  

•  N umber of customers  
per offtake   

•  N umber of appl i cation  
poin ts  

(characteri sti cs  of s i te)   
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Annex C  
(informative)  

 
Example  framework for proposal  speci fication 2  

 

Project name:  I s l a  Tac  

Project location :  I s l and  of Tac i n  the  Ch i loe  Reg ion  of Southern  Ch i le  

C.1  Knowledge of si te  

(refer to  Table  8  i n  the  text)  

Si te  topography  

Level  1  Exact l ocation  of s i te  i ncl ud ing  bu t  not  l im i ted  to:  

•  Topograph ical  map  wi th  a  resolu tion  of at  l east  a  1 : 24  000  of the  surround i ng  area  i ncl ud i ng  
1 0  m  elevati on  resol u tion .   

•  Exact  l ocation  of each  of the  l oad  poin ts  th rough  G IS  p lotti ng ,  detai l ed  maps  or aeri a l  photos .   

•  Speci fi c  understand ing  of the  vegetation  of the  area  around  the  s i te  i ncl ud ing  bu t  not  l im i ted  to  
photos.  

Si te  cl imate  

Level  2  Seasonal  i n formation  on  s i te  temperature,  hum id i ty,  ra i n fal l ,  snowfal l ,  days  of g round  fog  and  other 
envi ronmental  cond i ti ons.  Data  i ncl udes  seasona l  averages  as  we l l  as  maximum  and  m in imum  
val ues  for a l l  re l evant  parameters .  

Si te  hazards  

Level  2  Basic i n formation  on  the  yearl y  occurrences  of hazards  such  as  fl oods,  l i g h tn ing ,  ha i l ,  h i gh  wind  
even ts ,  tornados,  tropica l  s torms,  hurri canes,  typhoons,  sandstorms,  and  i ci ng  events.  Data  wou ld  
i ncl ude  average  number of even ts  per year.  

 

C.2  Knowledge of consumption  data  

(refer to  Table  9  i n  the  text)  

Expected  energy consumptions  

Level  2  Dai l y consumption  wi th  at  l east  the  day/n i gh t  porti on  d i stri bu ted  over the  day 

Change in  consumption   

Level  2  Estimate  of l oad  or popu lati on  i ncrease  

 
  

___________ 

2 Th is  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 of the  products  named  i n  th i s  annex.  
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C.3  Knowledge of resources  

(refer to  Tables  1 0  to  1 2  i n  the  text)  

General  data  

 Sun  Wind  Hydro  
(not appl icable)  

Biomass  
(not appl icable)  

Level  1      

Level  2  Dai l y g l obal  i rrad iati on  over a  
hori zon tal  su rface  for a  g i ven  
s i te.  

   

Level  3      

Level  4   Hou rl y average  wi nd  
speed  measurements  at  a  
heigh t to  provide  
unobstructed  exposu re  to  
the  wi ndward  d i rection .  

Hourl y average  
measurements  of wind  
d i rection .  

  

Level  5      

Level  6      

Level  7      

Level  8      

Data retained  for considered  s i te  

Case  1      

Case  2  Cl imate  wise,  the  s i te  i s  
s im i l ar to  other s i tes  whose  
general  data  are  avai l ab le  
(except  l eve l  4) .  

   

Case  3   At  a  l ocation  removed  
from  the  cons idered  s i te  
bu t  where  correl ations  can  
be  made  to  the  
considered  s i te  us ing  
e i ther mathematical  
formu lations  or proven  
resou rce  mappi ng  
techn iques.  

  

Case  4      

Case  5      

Range  of data  h istory 

Record  1  M consecu ti ve  months  of d ata  
col l ected  on  s i te  wi th  N years  
of h i s tori ca l  data  what  can  be  
used  i n  a  general  correlati on .  

   

Record  2   6  months  of data  wi th  
2  years  of h i s tori cal  data  
what can  be  used  i n  a  
general  correl ation .  
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C.4 Technical  characteristics  for the  main  equipment proposed  

C.4. 1  Photovoltaic  modules   

(refer to  Table  1 3)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

PV determ ined  to  not  be  appl i cable  for th i s  appl i cati on  

 

C.4.2  Modules  supporting  structure   

(refer to  Table  1 4)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

PV determ ined  to  not  be  appl i cable  for th i s  appl i cati on  

 

C.5 Characteristics  for wind  turbines  

C.5. 1  Wind  tu rbine   

(refer to  Table  1 5)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Type  of power ou tpu t:  Recti fi ed  d . c.  

Rated  power:  7 , 5  kW 

Rated  vol tage:  48  V d . c.  

Rated  wind  speed :  1 3, 8  m /s  

Rated  frequency:  N /A 

Manufactu rer part  n umber:  Bergey Windpower – EXCEL-R 

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of wind  tu rb ines  

Hel i x/Rotor d i ameter:  7  m  

Number of b l ades:  3  

Power curve:  (see  attachment 3)  

Control  system :  recti fi ed  control l er 

Orientation  system :  passive  yaw wi th  ta i l  boom  

Start  up  wind  speed  (rotati on ):  3 , 1  m /s  

Cu t  ou t  wind  speed :  N /A 

Destruction  wi nd  speed :  54  m /s  

S i te  constrai n ts  accounted  for 

 
  

___________ 

3  I n  th i s  annex,  the  reference  “see  attachment”  means  that  such  an  attachment  (speci fi c  to  each  proj ect)  shou l d  
be  provided  by the  project  implementer.  

International  Electrotechnical  Commission

 



 – 54  – I EC TS  62257-4:201 5    I EC  201 5  

C.5.2  Structure  support   

(refer to  Table  1 6)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Type  of tower:  g uyed  l atti ce  tower  

General  p l an :  see  attached  speci fi cations  

Overal l  s i te  l ayou t d imensions:  see  attached  speci fi cations  

Manufactu rer certi fi cati on :  Rohn  I ndustries   

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of supporti ng  structu res  

Means  for access  to  main tenance:  cl imbable  tower,  tower ti l ts  down  for major tu rbine  main tenance  

Anchori ng  method :  concrete  anchors  per manufactu rer's  speci fi cation  

Foundati on  des ign :  concrete  anchors  per manufacturer's  speci fi cation  

 

C.6  Characteristics  for the  generator set  

(refer to  Table  1 7)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Generator type  (brand  and  model  n umber):  F .G .  Wi l son  Ltd .   

Vol tage  and  frequency:  220  V a. c. ,  50  Hz  

Start  up  method :  au tomatic  

Generator housi ng :  none  

Fuel  type:  d i esel  

S tandby or prime  power speci fi cation :  prime  

Un i t  d imensions:   

Un i t  wei gh t:  

Rated  Power (kW):  1 4  kW 

number of phases:  3  phase  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of the  generator  

Cost:  $1 6  000  

Power (kVA):  1 7 , 5  kVA 

Operation  vol tage  range:  200  to  240  V a . c.  

Nom inal  vol tage:  220  V a. c.  

Operation  Frequency range:  46  to  54  Hz  

Nom inal  Frequency:  50  Hz  

Fuel  consumption  at  varying  power l evel s   

Speed :  1  500  RPM  

Power factor:  0 , 8  nom inal  

Cool i ng  type:  water 

Governor type  

Envi ronmental  constrai n ts  and  hous ing :  i n door use  on l y  

Safety constrain ts  i ncl ud i ng  fau l t  detection  and  safety measure  speci fi cati on :  over temperature  and   over speed  

Operati ng  constrain ts  of u n i t:  none  

I nstal l ati on  constrain ts ,  characteri sti cs  and  i nstructions:  none  

Speci fi cation  of meters  and  control s  i ncl uded  i n  un i t:  n one  
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C.7  Characteristics  for micro hydro turbine  

(refer to  Table  1 8)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

M icro  hyd ro  determ ined  to  not  be  appl i cable  for th i s  appl i cati on  

 

C.8  Characteristics  for biomass generators   

(refer to  Table  1 9)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

B iomass  determ ined  to  not  be  appl i cabl e  for th i s  appl i cation  

 

C.9  Characteristics  for power converters   

(refer to  Table  20)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Type  of power conversion :  sol i d  state  power converter 

Outpu t  power:  4 , 5  kW 

Speci fi cation  of control  panel :  see  attachment  

Nom inal  frequency ou tpu t  (as  appropri ate):  50  Hz  

Manufactu re:  Trace  Eng ineering  

Model  number:  SW4548E  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of d . c. /a. c.  i nverter  

Nom inal  i npu t  vol tage:  48  V d . c.  

I npu t  vol tage  range:  (42  to  56)  V d . c.  

Nom inal  ou tpu t  vol tage:  220  V a. c.  

Outpu t  vol tage  range:  220  V a . c.  

Operation  Frequency range:  50  Hz  

Nom inal  Frequency:  50  Hz  

Maximum  curren t:  1 37  A d . c.  

Un i t  effi ci ency versus  l oad  or cu rrent:  Maximum  96  % ,  see  attachment  

Energy consumption  at  zero  l oad :  1 7  W 

Safety features  and /or system  protection :  Over/under vol tage,  over temperature,  over current  

Exi stence  and  cal i bration  of converter protection  (aga inst  reverse  polari ty i n  parti cu l ar):  no  

Conform i ty to  appl i cable  standards:  yes  – USA:  UL  des ignati on  

Operati ng  temperature  range:  –40  °C  to  60  °C  

Overal l  d imensions  and  weight:  38  cm  ×  57  cm  ×  23  cm :  63  kg  

I nstal l ati on  constrain ts ,  characteri sti cs  and  i nstructions:  see  a ttachment  

Connection  and  wi re  d iag ram :  see  attachment  
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Un i t  effi ciency by convers ion  power:  see  attachment  

Conti nuous  a. c.  ou tpu t  power:  1 4  A a. c.  

Maximum  a. c.  ou tpu t  power and  time:  34  A a . c. ,  1  m in  

Ou tput  s i gnal  waveform  (pu l se  and  shape):  s i ne  wave  

Vol tage  regu l ation :  yes  

Peak Effi ciency:  96  %  

Total  h armon ics  d i storti on :  (3  to  5)  %  

Power Factor Al l owed :  –1  to  1  

Frequency regu lati on :  ±0, 04  %  

Maximum  al l owable  pass  through  curren t  from  a. c.  l oads  ( i f any):  60  A 

Power versus  effi ciency cu rve:  see  attachment  

Evolu ti on  of th roughput  versus  l oad :  see  attachment  

I nverter e l ectri cal  protecti on :  see  attachment  

Ou tpu t  protection  i ncl ud i ng  short  protection  and  breaker speed :  see  attachment  

d . c.  d i sconnect  breaker:  no  

Al ti tude  l im i ts :  5  000  m  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of a . c. /d . c.  power recti fi er 

Same as  above,  add i ti onal l y:  

Maximum  i npu t  vol tage:  66  V d . c.  

I npu t  vol tage:  220  V a. c.  

Un i t  effi ciency versus  conversi on  power curve:  see  attachment  

I npu t  frequency:  50  Hz  

Over vol tage  protecti on :  yes  

Charge  con trol l er a l gori thm :  th ree  stage  

Existence  of temperatu re  correction  for charge  control :  yes  

 

C.1 0  Characteristics  for load  manager/meter  

(refer to  Table  21 )  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Not appl i cable  for th i s  appl i cati on  
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C.1 1  Characteristics  for system  control lers   

(refer to  Table  22)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

I ncorporated  i n to  system  power converter 

Measured  ou tpu t  and  cond i ti ons:  battery vo l tage  

Operations  manual /user i n terface  descripti on :  see  attachment  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choi ce  of system  con trol l er 

Control  parameters :  see  attachment  

Un i t  power:  not  app l i cabl e  

User i n terface  speci fi cation :  not  appl i cable  

Control  parameters  and  capabi l i ti es  

Fau l t  d etection  capabi l i ti es  

System  mon i tori ng  and  l ogg i ng  capabi l i t i es :  none  

Control l er type  (PLC manufacture  and  model ) :  n ot  appl i cab le  

Equ ipment commun ications  requ i rements:  not  appl i cab le  

Remote  access  capabi l i t i es/description :  none  

Operati ng  temperature  range:  see  above  

Overal l  d imensions  and  weight:  not  app l i cabl e  

I nstal l ati on  constrain ts ,  characteri sti cs  and  i nstructions:  see  a ttachment  

Connection  and  wi re  d iag ram :  not  appl i cable  

 

C.1 2  Characteristics  for battery  

(refer to  Table  23)  

I n formation  to  be  forwarded  to  the  project  d eveloper 

Battery cl assi fi cation  (Lead  Aci d ;  N ickel  Cadm ium ,  etc):  fl at  p l ate  l ead  acid  

Mai n tenance  cl ass i fi cati on  (Standard ,  l ow main tenance  or main tenance  free):  s tandard  

Storage  capaci ty (Ah)  at  speci fi ed  d i scharge  current:  1  024  Ah  

Nom inal  battery vol tage:  2  V d . c.  

Manufactu rer:  SEC i ndustria l  

Part  number:  6-M1 00-1 7 

Expected  replacement i n terval :  6  years  

Techn ical  characteri sti cs  l ead i ng  to  the  fi nal  choice  of batteri es  

Cost:  $350  USD  

Battery type  (fl ooded ,  tubu l ar,  absorbed  g l ass-mat,  etc. ) :  fl ooded  

Nom inal  battery capaci ty at  d i fferent  d i scharge  currents:  see  a ttachment 

Operational  characteri sti cs  of battery at  s tandard  operati ng  temperatu res  for the  cons i dered  s i te:   
see  attachment  

Vol tage  charge  and  d i scharge  characteri sti cs  for the  battery:  see  attachment  

Approximate  battery i n ternal  res i stance:  see  attachment  

Cycles  to  fai l u re  i n formation  for vari ous  battery depth  of d i scharges:  see  attachment  

Battery term inal /l ug  type  and  l ocation :  top,  tab  

Cas ing  materia l :  metal  

Battery d imensions  and  weigh t:  1 3  cm  ×  1 5  cm  ×  66  cm  
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C.1 3  Energy outputs  

C.1 3. 1  From  renewable  energies   

(refer to  Table  25)  

Energy source  Associated  
electrical  energy 

generator 

Instal l ed  
capaci ty 

Energy 
type  

Vol tage  

V 

Frequency 

Hz 

Expected  
energy 
output  

kWh/year 

Sun  Not appl i cable  0     0 , 0  

Water Not  appl i cable  0     0 , 0  

B iomass  Not appl i cable  0     0 , 0  

Wind  Wind  tu rbines  2  ×  7 , 5  kW d . c.  48  N /A 32 560,0 

Storage  Batteries  1 00, 6  kWh  d . c.  48  N /A N /A 

 

C.1 3.2  From  fossi l  energ ies   

(refer to  Table  26)  

Energy source  Associated  
electrical  
energy 

generator 

Instal l ed  
capaci ty 

Energy 
type  

Vol tage  

V 

Frequency 

Hz 

Expected  
energy outpu t  

kWh/year 

D iesel  Generator set  1 7 , 5  kVA a. c.  240  50  Hz  1 6 065,0 
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Annex D  
(informative)  

 
Formula for costs  calculations  

 

D.1  Yearly cash  flow 

A yearl y cash  fl ow pred icts  the  expenses  that are  expected  each  year of the  project.  Th is  
pred iction  wi l l  enable  the  user to  determ ine  what the  yearl y ou tlay of funds  is  to  be  expected .  
Th is  i s  g i ven  for each  year (n)  by add ing  up  the  expected  yearl y expenses  as  shown  i n  the  
fol l owing  formu la.  

 
)()()()()()()( nCrnCsCdnCrnCmnConCsnC −−++++=
 (D. 1 )  

where  

C  i s  the  system  cost in  year (n)  and  in  the  absence of i ncome,  i s  a lso  the  system  cash  fl ow.  

Cs   i s  any capi ta l  cost of the  associated  project b i l l ed  i n  year (n) .  Th is  may be  pa id  i n  fu l l  i n  
the  fi rst  year of the  proj ect or spread  out  th rough  fi nancing  of the  equ ipment us ing  l oans  
over the  l i fe  of the  proj ect.  I f fi nancing  is  used ,  th is  cost shou ld  i nclude both  equ i ty and  
debt payments  as  wel l  as  any i n i ti a l  down  payments  made  in  the  fi rst  year of the  project;  

Co   i s  the  operational  cost of the  power system  in  the  year (n) .  Th is  wou ld  entai l  a l l  
consumable  e lements  requ i red  for operation  of the  system  such  as  fuel ,  o i l ,  d is ti l l ed  
water for batteries ,  replacement fuses,  etc. ;  

Cm   i s  the  main tenance  cost for any equ ipment in  the  power system  incurred  or expected  to  
be  i ncurred  in  year (n) .  Equ ipment main tenance  d i ffers  from  operation  expense i n  that 
the  expenses  suppl y upkeep  on  equ ipment l ikel y occur at  l east annual l y.  Expenses  can  
i nclude  personnel ,  major spare  parts  and  system  i nspections;  

Cr   i s  the  replacement cost for any components  expected  i n  year (n) ,  general l y for i tems  
that  occur l ess  frequentl y than  every year such  as  wind  turbine  b lades,  batteries  and  
d iesel  eng ines;  

Cd  i s  the  recovery and  d i smantl i ng  costs  associated  wi th  the  proj ect,  usual l y on l y 
appl icable  i n  the  fi na l  year of the  project l i fe ;  

Cs   i s  any subsid y or grant for service  received  for a  speci fic proj ect i n  the  year n ;  

Cr   i s  any revenue received  from  the  system  through  the  sale  of e lectrici ty or other means  
i n  year n.  

D.2  Calculation  of total  l i fe  cycle  cost 

The tota l  l i fe  cycle  cost a l l ows  the  determ ination  of the  whole  proj ect cost,  i ndependent  of 
proj ect l i fe  or the  variation  between  i n i tia l  expenses  and  operational  expenses.  I t  a l l ows  an  
even  assessment of the  costs  of d i fferen t energy options.  The  tota l  l i fe  cycle  cost  i s  ca lcu lated  
by summing  up  the  expected  yearl y expenses  of the  project,  returned  to  the  present  value  of 
the  expense.  
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where  

C  i s  the  cost i n  year n  (Formu la  D. 1 ) ;  

N  i s  the  tota l  number of years  i n  the  proj ect;  
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d  i s  the  annual  d iscount  rate  (based  on  the  value  for the  speci fic  coun try under 
cons ideration) .  

I t  shou ld  be  noted  that i n  recent years  i nd ividuals  have  started  us ing  the  term  “ total  l i fe  cycle  
cost”  i n  d iscussions  referring  to  the  tota l  energy and  resources  used  over the  complete  l i fe  of 
a  component or device.  Such  as  the  resources  needed  to  produce,  operate  and  d ispose  of a  
PV modu le  as  compared  to  the  energy generated  by that device.  Th is  co-opting  of term inology 
may in  the  fu ture  lead  to  confusion  i n  the  use  of th is  term .  

D.3  Calculation  of the  level ized  cost of energy 

The Level i zed  Cost of Energy (LCOE)  provides  the  user(s)  wi th  a  s imple  method  to  compare  
the  tota l  cost of energy for each  speci fic  e lectri fi cation  option .  I t  shou ld  be  noted  that th is  
number can  cause  some con troversy as  the  cost of energy i n  rural  areas  i s  a lways  h i gher 
than  what wi l l  be  found  i n  u rban  areas.  The  method  that governments  want to  use  i n  recti fying  
th is  d i fference is  one  of governmenta l  pol icy and  i s  not  addressed  i n  th is  document.  I t  i s  clear 
however,  that a l though  the  cost  of supplying  rura l  consumers  wi l l  be  h igher,  the  importance  is  
the  re lative  cost  d i fference  between  the  d i ffering  e lectri fication  options.  The  l i fe  cycle  cost  of 
energy can  be  calcu lated  us ing  the  fol l owing  formu la.  

 

∑
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 (D. 3)  

where  

TLCC i s  the  tota l  l i fe  cycle  cost (Formu la  D . 2) ;  

N  i s  the  tota l  number of years  i n  the  proj ect;  

d  i s  the  annual  d iscount rate  (based  on  the  value  for the  speci fic country under 
cons ideration) ;  

Q   i s  the  energy ou tpu t of the  power system  in  the  speci fic year n .  

D.4 Annual ized  maintenance,  operating,  and  replacement expense  

The  fi na l  fi gure  of meri t  i s  the  annual i zed  maintenance,  operati ng ,  and  replacement expense 
wh ich  a l lows  a  cl ear comparison  to  other energy options  that are  more  dom inated  by 
operating  costs  then  renewable  based  systems.  I t  a lso  demonstrates  the  expected  cost of 
producing  power once  the  i n i tia l  capi tal  of the  equ ipment has  been  provided .  Th is  can  be  
cri tical  as  many rural  e lectri ficati on  programs  subs id ize  the  i n i tia l  cost  of generation  
equ ipment bu t  do  not subs id ize  operational  costs ,  wh ich  are  born  by the  system  user.  Th is  
ca lcu lation  is  i n  i tse l f a  two-step  process,  determ ination  of the  operational  cash  flow,  s im i lar 
to  Formu la  D. 1  and  then  the  annual ization  of th is  expense.  

The  operational  system  expense  i s  ca lcu lated  by summing  a  subset of the  yearl y cash  flow 
costs  as  shown  in  the  fol lowing  formu la.  

 )()()()( nCrnCmnConCop ++=  (D . 4)  

where  

Cop   i s  the  operational  cost  i n  year (n)  and  i n  the  absence  of income,  i s  a lso  the  system  
cash  flow;  

Co   i s  the  operational  cost of the  power system  in  the  speci fic year (n)  i nclud ing  fuel ,  o i l ,  
d isti l l ed  water for batteries,  replacement fuses,  etc. ;  
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Cm   i s  the  main tenance cost for any equ ipment i n  the  power system  incurred  or expected  
to  be  i ncurred  in  year n  i nclud ing  fi l ters ,  o i l  changes,  system  i nspection ;  

Cr   i s  the  replacement cost for any components  expected  i n  year n .  

I t  i s  poss ib le  from  th is  value  to  determ ine  the  operational  cost of energy,  s impl y the  cost of 
producing  energy from  the  system  i n  the  absence  of the  i n i ti a l  capi ta l  cost.  Th is  can  be  done  
by fol lowing  through  Formu las  D. 2  and  D. 3  us ing  the  yearl y operational  expense  (Cop)  i n  
p lace  of the  complete  system  cost (C) .  

The  annual i zed  expense provides  a  figure  for the  average  yearl y expenses  that wi l l  be  
requ ired  to  keep the  system  operational .  
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where  

Cop   i s  the  operational  cost  i n  year (n) ;  

N  i s  the  tota l  number of years  i n  the  proj ect;  

d  i s  the  annual  d iscoun t rate  (based  on  the  value  for the  speci fic  coun try under 
cons ideration) .  

D.5 Further economic calculations  appl icable  to  energy businesses  

•  Net Present Value  (NPV) :  

The  Net  Present Value  of a  project i s  one  way of exam in ing  costs  (cash  ou tfl ows)  and  
revenues  (cash  i n flows)  together.  The  bas ic principle  i t  to  associate  a l l  costs  and  revenues  
at  the  in i tia l  year of the  proj ect  by d iscounting  each  expense  back to  the  fi rst  year of the  
proj ect.  A NPV anal ys is  can  be  composed  of many d i fferent cost and  revenue  streams,  
each  assess ing  costs  or revenues  at  d i fferent years  over the  proj ect  l i fe.  The  formu la  for 
the  NPV can  be  expressed  as:  

 
N

N
N

n
n d

F

d

F

d

F

d

F

d

nF
NPV

)1(
. . . .

)1()1()1()1(

)(
3

3

2

2

1

1

1 +
++

+
+

+
+

+
=

+
= ∑

=

 (D . 6)  

where  

F  i s  the  summation  of a l l  of the  cost and  revenues  (Formu la  D. 1 )  in  year n;   

N  i s  the  tota l  number of years  i n  the  proj ect;  

d  i s  the  annual  d iscount rate  (based  on  the  va lue  for the  speci fic  coun try under 
cons ideration) .  I t  shou ld  be  noted  that d i fferen t expenses  or revenues  can  be  
d iscounted  using  d i fferen t rates  as  needed .  

•  S imple  and  d iscoun ted  payback 

The  ca lcu lation  of payback periods  a l l ows  a  s imple  assessment of the  time i t  wi l l  take  to  
repay an  i nvestmen t based  on  the  cost of the  project,  speci fica l l y speci fying  how many 
years  a  fi nanciers  money wi l l  be  at ri sk.  Because  of i ts  s impl ici ty,  i t  i s  commonly used  to  
compare  d i fferent project  a l ternatives.  

•  S imple  payback period  

The  s imple  payback period ,  SPP,  compares  the  i n i tia l  capi tal  cost  of the  system  to  the  
annual i zed  yearl y net profi t  from  the  system .  I t  i s  ca lcu lated  from  the  fol lowing  formu la:  

 
profAV

Cs
SPP =  (D . 7)  
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where  

Cs   i s  any capi ta l  cost of the  associated  proj ect,  th i s  i s  usual l y on l y assessed  i n  or 
prior to  the  fi rst year of the  project;  

AVprof  i s  the  annual ized  profi t  of the  system.  Th is  can  be  ca lcu lated  by taking  the  
operational  system  expense  (Formu la  D .4)  and  add ing  any system  profi t  received  
by the  ren tal  of the  equ ipment or sa le  of the  power produced .  Th is  va lue  can  then  
be  substi tu ted  i n to  Formu la  D . 5  to  return  the  annual i zed  yearl y profi t  from  the  
system .   A negative  number wou ld  i nd icate  that the  system  was  not profi table  and  
thus  wi l l  never pay back the  i n i tia l  capi ta l  cost.  I n  some cases ,  th is  term  shou ld  
a lso  consider the  savings  associated  wi th  the  retrofi t  of an  existing  system  even  i f 
the  there  i s  no  i ncrease  i n  revenues.  For example,  i f retrofi tti ng  a  d iesel  eng ine  
wi th  renewable  technology resu l ts  i n  a  net  reduction  i n  operational  expenses,  the  
profi t  associated  wi th  th is  reduction  shou ld  be  i ncluded  as  add i tional  profi t.  

•  D iscoun ted  payback period  

One of the  d isadvantages  i n  us ing  the  s imple  payback rate  is  that i t  does  not i ncorporate  
the  time va lue  of money,  thus  provides  a  lower payback period  than  i f the  i n i ti al  capi tal  
i nvestment was  p laced  i n  an  i n terest baring  en terprise.  The  D iscounted  Payback Period ,  
DPP,  takes  th is  i n to  accoun t and  thus  i s  a  better i nd ication  of the  systems worth .  The  DPP  
can  be  expressed  as  the  est  va lue  of DPP  ( i n  years)  for wh ich :  

 
n

prof
DPP

n
DPP d

nAV

d

Cs

)1(

)(

)1( 1 +
≤

+ ∑
=

 (D.8)  

where  

d  i s  the  annual  d iscount rate  (based  on  the  va lue  for the  speci fic  coun try under 
cons ideration) .  
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Annex E  
(informative)  

 
Proposal  for a  sizing  process  

 

E.1  General  

The process  recommended  for defi n ing  the  s i ze  of a  power production  p lan t us ing  RENs is  
detai l ed  i n  the  fol l owing  fl ow chart.  

Each  step  i n  F igure  E. 1  i s  i den ti fi ed  by an  i tem  number and  forms  the  subj ect of comments  
shown  i n  the  fol l owing  clauses/subclauses.  
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Inventory of the 
constraints to be adhered  
to (standards,  among  

other)  

Statement of economic 
data to be accounted  

for  

Resuts are forwarded to the 
project implementer 

New calculations 
should  specifications sl ightly vary 
from the desired specifications  

Identification  of existing/available 
equipment complying with  the 

specifications  

New choices of 
equipment 

Calculations  

Technical  choices  
Changed 
choices  

Conversion of 
meteorological  data 
into meteorogical  

data used  

Technical  specifications for the finally selected equipment  

Technical  specifications desired for the equipment  

Energy and  cost management assumptions  

Definition of power 
requirements to be 

fulfi l led  

Modification of 
input data  

NO  
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Are resul ts 
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NO  
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1 7 

1 8 

1 4 

YES  

Are resul ts  
erratic?  

Are there other 
choices?  

IEC 
 

Figure E. 1  – Sizing  process  flow chart  

E.2  Comments  on  the  proposed  sizing  process  

E.2.1  General  

Process  steps  01  to  05  (data  col l ection  and  determ ination  of work assumptions)  shal l  be  
preferabl y i nspi red  by common,  state  of the  art s tandards.  

Process  steps  06  to  1 6  are  proposals  for methodology:  however,  i n formation  sources  and  how 
th is  i n formation  shou ld  be  processed  is  part  of each  designer’s  know-how.  No  such  detai l ed  
ru les  effecti ve  for everyone  can  be  proposed  herein .  
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The  conten t  and  format of the  resu l ts  forwarded  to  the  proj ect developer on  completion  of the  
s izi ng  process  (steps  1 7  and  1 8)  shal l  a lso  be  i nspi red  by common,  s tate  of the  art s tandards.  

E.2.2  Step 01 :  Defin i tion  of power requ i rements  to  be  fu lfi l led  

Requ irements  to  be  fu l fi l l ed  are  characterized  by:  

a)  Qual i tati ve  data:   

– Type of consuming  u ti l i ties  ( type  of receivers  to  be  suppl ied  wi th  power) :  

Table  E. 1  depicts  how the  i nventory of the  u ti l i ties  accounted  for shou ld  be  preferabl y 
organ ized  for th is  proj ect.  

Table  E. 1  – Description  of u ti l i ti es  to  be  power suppl ied  

Nature  of exi sting  or poten ti al  cl i ents  Type  of suppl ied  receivers  

Type  1  I nd ivi dual s  Home used  equ i pment  ( l i g h ti ng ,  aud i ovisual ,  col d ,  etc. )  

Type  2  Busi ness  acti vi ti es  Professional  equ i pment (motors ,  processes,  etc. )  

Type  3  Commun i ti es  Col l ecti ve  equ ipment (pumping ,  publ i c  l i g h ti ng ,  etc. )  

 

– Type of power to  be  suppl ied  (users  receivers  dependent) :  

•  d i rect curren t (d . c. ) ;  

•  and /or s ing le-phase  al ternate  curren t (a. c. ) ;  

•  and /or 3-phase  a l ternate  curren t (a. c. ) .   

–  Priori ty levels  to  be  assigned  to  the  various  types  of u ti l i zation  shou ld  the  demand  
confl ict  wi th  the  g lobal  offer.  

b)  Quanti tati ve  data:  

– Del ivery characteristics  

Number of del i very poin ts  per type  of u ti l i zation .  

– Supply commitment characteristics   

Maximum  level  of power that can   be  connected  to  the  de l i very poin t,  for each  category 
of u ti l i zation .  

Maximum  l evel  of power consumable  over a  g i ven  period  ( for example,  24  h )  for each  
de l i very poin t.  

– Consumption  characteristics    

Consumption  profi l e  (power and  energy)  for each  del ivery poin t  over a  g iven  period .  

The  hour i s  cons idered  as  a  pertinen t time un i t  for energy management.   

I deal l y,  the  time un i t  used  for acqu iring  consumption  data  shou ld  be  as  close  as  
possib le  to  the  hour.   

Where  i t  reveals  impossib le  to  know the  true  va lues  at the  h  hour,  then  the  known  H -1  
va lues  shal l  be  carried  over.  

The  time  (over a  g i ven  period)  during  wh ich  the  suppl y shal l  be  provided   

I n  regard  to  th is  poin t,  the  choices  to  be  made wi l l  be  of the  type  detai l ed  in  Table  E . 2 .  
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Table  E.2  – Consumption  characteristics  

Desired  duration  of g lobal  supply Example  of suppl y al location  

24  h /24  h  Suppl y to  a l l  cl i en ts  

1 2  h /24  h  8  h  supp ly (daytime)  to  business  acti vi ti es   

4  h  supp ly (even ing  t ime)  to  personal  i nd i vi dual s  

4  h /24  h  Suppl y to  personal  i nd i vi d ual s  

 

For the  de l i very poin t,  the  (forecast)  power consumption  wi l l  be  assessed  us ing :  

•  accurate  evaluation  of each  appl i ance  consumption  (seen  from  the  suppl y source  s i de),  

•  determ ination  (as  accurate  as  poss ib le)  of the  du ration  of use  of the  various  appl iances,  
as  a  function  of the  seasons  as  necessary,  

•  determ ination  of the  mean  profi le  for power demand  i n  the  day:  the  day i tsel f can  be  
broken  down  i n to  periods  (for example,  n i ght/day on  du ty/off d u ty)  or even  i n to  hours ,  

•  determ ination  of the  profi le  of occupancy of prem ises:  occupancy of the  "con ti nuous"  or 
"occasional "  type  (wi th  a  known  or unknown  frequency of occupancy),  

•  defin i tion  of the  peak or pu lse  consumption  (poss ibl y)  characterized  by power in rush  cal ls  
over a  very short  time.  

E.2.3  Step 02:  Conversion  of avai lable  weather data  in to  relevant data  

The nature  of avai lable  weather data  shal l  be  carefu l l y speci fi ed  as  close  as  poss ib le  to  that 
of the  s i te  to  be  implemented  and  to  a  degree  of fi neness  cons isten t wi th  the  refi ned  
knowledge  of the  power requ i rements.  

I n  the  absence of very deta i led  data  and  i n  order to  provide  clear i n formation  to  a l l  
participants,  corrections  made to  the  avai l able  data  shal l  be  documented .  

A s i zi ng  data  sheet  showing  the  data  retained  for the  calcu lations  shal l  be  prepared  to  ensure  
s izi ng  traceabi l i ty.  The  format of th is  data  sheet cou ld  be  of the  type  shown  i n  Table  E. 3.  

Table  E.3  – Meteorolog ical  data  used  for s izing  

Equ ipment 
concerned  

Data  to  be  col lected  I deal  data  Avai labl e  
data  

Corrections  
made  

Data  used  for 
calcu lations  

Panels  

Average  sunsh i ne  on  fl at  
su rface,  i n  kWh/m 2 /d  

•  G l obal  

•  D i rect  

•  D i ffuse  

Average/h  

   

Number of days  per year 
wi thout  sun  

Number of consecuti ve  
days  

   

Masks  Status  of panels/h     

Al bedo  Coeffi cien t/peri od  of the  
year 

   

Battery 
Temperatu res:  n i gh t/day  
or m in /max 

Average/h     

Wind  
tu rbi ne  

Wind  speed  (m /s)  (and  
e levation  of measuri ng  
poin t)  

Average/month  

Average/day 

   

Mean  shape  factor i n  
Weibu l l  d i stri bu ti on  

    

Compass  card  Year    
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Equ ipment 
concerned  

Data  to  be  col lected  I deal  data  Avai labl e  
data  

Corrections  
made  

Data  used  for 
calcu lations  

Number of calm  days  
per month  

Number of consecu ti ve  
days  

   

S i te  geography 
(obstacl es ,  re l i ef on  an  
accurate  pl ane,  type  of 
vegetati on )  

    

Maximum  wind  speed  Average  over 1 0  years     

 

E.2.4  Step 03:  Statement  of economic data  to  be  accounted  for 

I n  order to  perm i t to  define  the  g lobal  cost  of a  p l an t  over a  g i ven  period ,  the  cost e lements  
detai l ed  i n  Table  E. 4  wi l l  have  to  be  assessed  for each  s i zi ng  scenario.  

Table  E.4 – Proposals  for types  of cost to  be  accounted  for 

Design  cost    

I nvestment  cost  Sources,  batteri es ,  converters,  
protection  and  management equ ipment   

Cost  of equ ipment  and  materia l s  
implemented  on  s i te  (pu rchasi ng ,  trans-
port,  i nsta l l ati on  acceptance,  ci vi l  work)  

Techn ical  i nspection  

Contractors  cost  

Operati ng  cost   Explo i tati on  operations,  servici ng ,  
equ i pment main tenance,  fo l l ow up  

Cost of expandabl e  material s  on  s i te  
(d i esel  fuel ,  dem ineral i sed  water)  

Cost  of services  on  s i te  

Assurances  

Repl acement cost  Equ ipment  repl acement  for reasons  of 
wear or expandabi l i ty  to  new 
requ i rements  

Portion  of the  i n i ti a l  cost  ass igned  to  
" temporary m i l estones" .  

D i smantl i ng  cost   Cost  of battery fal l back 

 

E.2.5  Step 04:  Inventory of the  constraints  to  account for 

Table  E. 5  proposes  a  l i s t  of constrain ts  wh ich  shou ld  be  checked  for existence  on  a  case  by 
case  bas is .  

For each  s i te,  the  l i st  of the  lead ing  particu lars  shou ld  be  taken  in to  accoun t i n  the  s izing  
process.  

Table  E.5 – S i te  constraints  i nventory 

 Type  of constrain ts  Characteri stics  to  be  checked  Characteri stics  of the  si te  
wh ich  affect s i zing  

1  Geograph ica l  envi ronment   Cl imati c  aggress ions  ( ra i n ,  sa l t,  
sand ,  frost,  etc. )  

 

Thermal  and  hyg rometry extreme 
val ues  

 

Accesses  to  s i te/time  for access   

Natu re  of terrain   

Location  of poin ts  to  be  suppl i ed   

2  B iolog ical  envi ronment  An imals   

  P l an ts   
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 Type  of constrain ts  Characteri stics  to  be  checked  Characteri stics  of the  si te  
wh ich  affect s i zing  

3  Techn ical  envi ronment   Type  of exi sti ng  g ri d  (overhead ,  
bu ried )  

 

  C i vi l  work   

  Qual i ty of exi sti ng  structure   

  Local  main tenance  possib le  on  
s i te  

 

  Equ ipment  imposed   

4  Sociolog ical  envi ronment  S tandard  of l i vi ng  of suppl i ed  
cl i en ts  

 

  Power consumption  habi ts   

5  Econom ic envi ronment  Exi sti ng  bus iness  acti vi ti es   

  C l i en ts  sol vency  

  Various  decrees   

  Budget not  to  be  exceeded   

6  Local  regu latory envi ronment  Classi fi ed  s i te   

  Speci fi cation  for concession   

  Non  nu i sance  constrain ts  (noi se,  
etc. )   

 

 

E.2.6  Step 05:  Management assumptions  

a)  Energy management  

Manag ing  the  energy is  to  observe  the  REN  production/consumption  balance  and  to  react 
accord ing l y:  

•  For the  benefi t  of the  end  user ( i n  order to  keep as  close  as  poss ib le  to  the  commitments  
made to  suppl y power) .  

•  To  assess  the  impact on  the  durabi l i ty of the  equ ipment (so  that the  i nvestmen t i s  used  
throughou t the  l i fe  duration  i t  was  des igned  for) .  

Table  E. 6  i nd icates  how p lan t s i zi ng  may be  affected  by management assumptions.  

Table  E.6  – Impact  of energy management assumptions  on  plant s izing  

Assumptions  Impact on  si zing  

Number of consecutive  days  wi thout  REN  Expected  battery au tonomy 

Choices  for cycl i ng  the  battery Type  of battery 

Role  expected  from  the  generator Generator power  

•  Battery makeup  charge  (parti cipati ng  i n to  the  
balance)  

 

•  Emergency power suppl y source  i n  cased  of REN ,  
battery or converter fai l u res  

 

•  Generate  rate  of use  Fuel  s torage  capaci ty;  battery au tonomy 

Au thori zed  (or restri cted)  l oad  shedd i ng  and  i n  certain  
cond i ti ons,  of a  number of u ti l i zations  

Battery capaci ty and /or power of the  generator set  

Priori ty i n  l oad  shedd ing   

Specia l  constrain ts  for some u ti l i zations  (for example  
s i gn i fi can t  power i n rushes,  hou r based  operati ng  
constrai n ts ,  etc. )  

Battery capaci ty 

Constrain ts  of equ i pment  target  du rabi l i ty  Choice  of equ ipment  types  and  battery capaci ty  

Pol i ti cal  wi l l  to  use  RENs   
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b)  Management of costs  

For each  proj ect,  an  acceptable  comprom ise  shou ld  be  searched  for the  set i nclud ing  
" investment cost +  operati ng  cost +  replacement costs" .  

S ince  th is  equ i l ibrium  has  to  be  offset as  a  function  of the  cl ient  and  h is  techn ical  and  
financia l  capabi l i ti es  and  requ i rements,  each  project shal l  i nd icate  the  priori ty obj ecti ves  
wh ich  were  sough t for the  cl ien t satisfaction  us ing  chosen  techn ical  solu tions:  

•  m in imum  investment cost  

•  m in imum  operati ng  cost  

•  m in imum  replacement cost 

and  shal l  speci fy the  forecast  part ass igned  to  each  cost.  

Table  E. 7  i nd icates  how p lan t s i zi ng  can  be  affected  by cost management assumpti ons.  

Table  E.7  – Impact of cost management assumptions  on  plant  s izing  

Assumptions  Impact on  s izing  

Maximum/normal /m in imum  equ ipment l i fe  du rati on   Battery type,  battery capaci ty,  battery charge  and  
d i scharge  management,  type  of generator  

Normal /m in imum  main tenance   

•  n umber and  l evel  of d i ffi cu l ty of main tenance  
actions  to  be  performed  

Battery type,  generator type   

•  main tenance  operati ons  frequency Battery capaci ty and  battery type  

Battery charge  and  d i scharge  management  

Generator type  

•  generate  rate  of usage  Generator type  

(th i s  l i s t  i s  not  exhausti ve  and  shou ld  be  fu rther 
documented )  

 

 

E.2.7  Step 06:  Techn ical  choices  

Techn ical  choices  denotes:  

•  arch i tectural  choices  

– schematic  d iagram  to  organ ize  the  p lan t designed  to  produce share  and  d istribu te  
power;  

– presence  of converters  or not.  I f so,  q uanti ty of converters ,  power produced  and  type  
of organ ization ;  

– l ocation  and  natu re  of d isconnecting /protection  poin ts .  

•  choices  techn ical  characteristics  for equ ipment (panels ,  wind  turbine,  generator set,  
batteries,  e tc. )  

– choices  made among  poss ib le  values  correspond ing  to  equ ipment existi ng  on  the  
market.  

Several  i terations  wi l l  be  undoubted l y requ ired  before  conclud ing  on  the  choice(s)  to  be  
recommended  to  the  proj ect developer.  

The  fi rst choices  wi l l  be  i n i ti al  choices  based  upon  the  des igner’s  experience.  
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The  l iberty of choices  m igh t be  very l im i ted ,  i n  particu lar when  equ ipment reuse  constrain ts  
exist or when  a  number of brands  or types  have  to  be  reused ;  see  constrain ts  defined  i n  
step  04.  

Accord ing  to  the  conclus ions  d rawn  from  the  analys is  of the  calcu lation  resu l ts ,  or wi th  a  view 
to  testing  the  sens i ti vi ty of performances  for th is  p lant  to  other choices  than  the  i n i ti al  choices,  
several  "data  sets"  shou ld  be  used .  

Recommendations:   

•  s i ng le  phase  production  i f power <  5  kVA 

•  3-phase  production  i f power >  1 0  kVA 

•  con tinuous  d istribu tion  i f peak power (photovol ta ic)  <  1  kWc 

•  for bus iness  acti vi ti es:   

–  i f bus iness  acti vi ti es  are  marg ina l ,  the  3-phase  suppl y problem  (speci fic  make up  
generator)  wi l l  be  preferabl y solved  i nstead  of impai ri ng  the  network i nvestment as  a  
whole,  

– i f bus iness  acti vi ti es  are  developing  or i f i t  i s  des i red  to  encourage  them,  the  
opportun i ty of a  3-phase  d istribu tion  shou ld  be  envis ioned  (throughou t  the  whole  
network or via  a  separate  network).  

E.2.8  Step 07:  Calcu lations  

Considering  the  techn ica l  and  econom ic assumptions  accounted  for,  ca lcu lations  cons ist  i n  
preparing  power balance  sheets  and  assess ing  the  cost of the  p lant  resu l ting  i n  the  sa id  
balance  sheets .  

The  des igners  may freely choose  the  models  for plant  operation  as  wel l  as  the  i n i tia l  data  
process ing  a lgori thms.  

Calcu lations  shal l  be  establ ished  wi th  an  accuracy consisten t wi th  a  refi ned  knowledge of the 
power requ i rements  and  producib le  REN .  

Whichever tools  used ,  assumptions  speci fi ed  i n  process  steps  01  to  06  shou ld  a l l ow to  
i denti fy speci fic values  as:  

•  p lant  average  forecast coverage rate  (th is  value  is  accounted  for fa i l i ng  any better  value);  

•  p lant  forecast  service  rate  ( to  be  reserved  for a  fu ture  vers ion  s ince  th is  rate  cannot be  
determ ined  us ing  the  curren t tools) ;  

•  budget requ i red  for ach ieving  these  characteristics ;  

•  sensi ti vi ty of the  budget to  the  variation  of these  characteristics.  

E.2.9  Step 08:  Analysis  of the  resu lts  

The anal ys is  of the  resu l ts  shal l  define  the  ab i l i ty of the  techn ica l  choices  to  meet techn ical  
requ irements  desi red  for th is  p lan t.  

I t  i s  agreed  that  resu l ts  wi l l  be  regarded  as  "erratic"  provided  one  of the  fol l owing  proposals  i s  
not adhered  to:  

•  one  e lement among  steps  01  to  06  of the  s i zi ng  process  fl owchart  i s  not  adhered  to,  

•  recommendations  are  not  adhered  to,  

•  the  i nvestment cost  exceeds  the  (provided  or estimated)  budget.  
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E.2.1 0  Step  09:  Examination  of the  opportun ity of other choices  

When  calcu lation  resu l ts  are  unfavourable,  new techn ica l  choices  shou ld  be  checked  other 
than  those  cons idered  i n  step  06.  

I f yes  (unfavorable) ,  proceed  to  step  1 0  for i teration  of the  techn ical  choices;  i f no  (favorable) ,  
proceed  to  step  1 9  for negotiating  i n i tia l  data  ( i f possible) .  

E.2.1 1  Step 1 0:  Change in  technical  choices  

Th is  s tep  consists  of mod i fying  the  arch i tectural  characteristics  or prel im inary s izing  
characteristics  for the  equ ipment i n  order to  i n troduce  a  new set of data  in to  the  calcu lations.  

E.2.1 2  Step 1 1 :  Defin i tion  of desi red  equ ipment characteristics   

Depend ing  on  the  al gori thms used ,  the  ca lcu lations  have  l ed  to  an  acceptable  techno-
economic ba lance  between  the  d i fferent equ ipment characteristics .  

E.2.1 3  Step 1 2:  Identi fication  of existing /avai lable  equ ipment complying  wi th  the  
characteristics  

From  the  expected  characteristics ,  a  l i s t i s  prepared  speci fying  the  equ ipment that can  be  
actual l y used  i n  the  p lan t,  wi th  due  cons ideration  for both  equ ipment avai l abi l i ty from  the  
market and  lead  time for de l i very as  requ i red  to  complete  the  proj ect.  

E.2.1 4  Step 1 3:  New calcu lations  

I n  reference  to  the  l i s t  of equ ipment prepared  i n  s tep  1 2,  th is  step  may be  necessary provided  
an  opportun i ty i s  possib l y detected  to  use  s im i lar equ ipment wh ich  cou ld  be  sudden l y 
avai l ab le  for a l l  ki nds  of reasons  or at  an  i n teresting  cost.  Then ,  i t  wou ld  be  valuable  to  
re i terate  the  calcu lations  to  ascertain  the  deviation  i n  the  resu l ts  i n  re lation  to  those  
d iscrepancies  i n  the  characteristics  between  the  equ ipment selected  i n  step  1 2  and  that newly 
i denti fied  equ ipment.  

E.2.1 5  Step  1 4:  Analysis  of the  resu lts  

The nature  of th is  s tep  i s  s im i lar to  that of s tep  08:  

The  anal ys is  of the  resu l ts  shal l  state  the  abi l i ty of the  techn ical  choices  to  satisfy techn ical  
and  econom ic objecti ves  desi red  for th is  p lan t.  

I t  i s  agreed  that resu l ts  wi l l  be  regarded  as  "erratic"  provided  one  of the  fo l lowing  proposals  i s  
not adhered  to :  

•  one  e lement among  steps  01  to  06  of the  s i zing  process  fl owchart  i s  not  adhered  to ;  

•  recommendations  are  not adhered  to ;  

•  s tandards  are  not adhered  to ;  

•  the  i nvestment cost  exceeds  the  (provided  or estimated  )  budget;  

•  the  actual i zed  cost i s  not  a  m in imum  cost ( i n  re lation  to  other solu tions  envis ioned).  

E.2.1 6  Step 1 5:  Examin ing  the  opportun i ty of other choices  

The  nature  of th is  step  is  s im i lar to  that  of s tep  09.  

E.2.1 7  Step 1 6:  New choices  of equ ipment  

The  nature  of th is  step  is  s im i lar to  that  of s tep  1 0 .  
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E.2.1 8  Step 1 7:  Techn ical  characteristics  for the  final ly chosen  equ ipment 

These  characteristics  are  those  of the  equ ipment fi nal l y retained  i n  a  scenario  proposed  to  the  
proj ect  developer.  

E.2.1 9  Step 1 8:  Forward ing  the  resu lts  to  the  project implementer 

I f the  resu l ts  are  satisfactory they are  forwarded  to  the  proj ect implementer.  

E.2.20  Step 1 9:  Modification  of the  i nput  data   

I f the  resu l ts  are  unsatisfactory and  i f other techn ical  choices  are  possib le,  new i nput data  are  
used  for a  new complete  s izing  process.  
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