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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RECOMMENDATIONS FOR RENEWABLE ENERGY  

AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION –  
 

Part 7-4:  Generators – Integration of solar with other forms  
of power generation within hybrid power systems 

 
FOREWORD 

1)  The International Elec trotechnical Commission ( IEC)  is a worldwide organization for standardization comprising 
all national elec trotechnical committees  ( IEC National Committees ) . The objec t of  IEC is  to promote 
international co-operation on all questions concerning standardization in the electrical and electronic f ields.  To  
this  end and in addit ion to other  activities, IEC publishes International Standards, Techni ca l  S pe c if i cat i ons ,  
Technical Repor ts , Public ly  A vailable Spec if ications  (PA S)  and Guides  (hereaf ter  ref er red to as  “ IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intereste d 
in the subject dealt with may  participate in this preparat ory  w ork .  In t ern at i on al ,  go vern me nt al  a n d n on -
governmental organizations liaising with the IEC also par ticipate in this preparation. IEC collabo rat es  c l o sel y  
w ith the International Organization for Standardization (ISO) in accordance w i t h co nd i t i o ns  d et ermi n e d b y  
agreement between the tw o organizations. 

2)  The f ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committ ee  h as  r ep resen ta ti o n f ro m a l l  
interested IEC National Committees. 

3)  IEC Publications have the form of recommendations for international use and are accep te d b y  IEC Na t i o n a l  
Committees  in that sense. While all reasonable efforts are made to ensure that the tech ni cal  c on te nt  of  IEC 
Publications is accurate, IEC cannot be held responsi b l e f o r  t he  w a y  i n  w h i ch t h ey  a re u se d o r  f o r  a ny  
mis interpretation by any end user. 

4)  In order  to promote international uniformity, IEC National Committees undertake t o  a pp l y  IEC Pu b l i c a ti o ns  
transparently to the maximum extent possible in their national and r eg io na l  p ub l ica ti o ns .  A ny  d i verg en ce 
betw een any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5)  IEC itself does not provide any attestation of conformity. Independent cer tif ication bodies pro v id e c onf o rmi ty  
assessment services and, in some areas, access to IEC marks  of conformity. IEC is  not  r esp ons i b l e f o r  a ny  
services carried out by independent cert if ication bodies. 

6)  A ll users should ensure that they have the latest edition of this publication. 

7)  No liability  shall attach to IEC or  its  directors, employees, servants or agents including individual e xpe r ts  a n d 
members  of its technical committees and IEC National Committees for any personal injury, proper ty damage o r  
other  damage of any nature whatsoever, whether direct or indirect, or for  c os ts  ( i nc l ud i ng  l e ga l  f ees )  a n d 
expenses arising out of the publication, use of, or rel i a nce u p on , t h is  IEC Pu b l i c a t i on  o r  a ny  o t he r  IEC 
Publications. 

8)  A ttention is drawn to the Normative references cited in this publication. Use of the referenced p ub l i cat i ons  i s  
indispensable for the correct application of this publication. 

9)  A ttention is drawn to the possibility that some of the elements of this IEC Publicatio n ma y  be  t he  su bj ec t  of  
patent rights. IEC shall not be held responsible for identifying any or all such patent r ights. 

The main task  of IEC technical commit tees is  to prepare Internat ional Standards.  In 
except ional c ircumstances, a technical committee may propose the publicat ion of a Techni c a l  
Spec ification when 

• the required support  cannot  be obtained for the publicat ion of an Internat iona l  S t anda rd ,  
despite repeated efforts ,  or 

• the subjec t  is  s t i ll under technical development  or where,  for any other reason,  there is  the 
future but  no immediate poss ibi li ty of an agreement  on an Internat ional Standard.  

Technical Spec ificat ion are subjec t  to review within three years  of publicat ion to dec ide 
whether they can be t ransformed into Internat ional Standards. 

IEC TS 62257-7-4,  which is  a Technical Spec ification,  has been prepa red  by  IE C t ec hn i c a l 
commit tee 82:  Solar photovoltaic  energy sys tems. 
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The tex t  of this  Technical Spec ificat ion is  based on the fol lowing documents : 

Draf t TS Repor t on voting 

82/1477/DTS 82/1545A/RVDTS 

 
Full informat ion on the vot ing for the approval of this  Technical Spec ification can be  found  i n  
the report  on vot ing indicated in the above table.  

This  part  of IEC 62257 is  to be used in conjunct ion with IEC 62257 (al l  parts ).  

A l is t  of al l  parts  in the IEC 62257 series ,  published under the general t i t le Recommendations 
for renewab le energy and hyb rid sys tems for rural elec t ri f icat ion,  can be found on the IEC 
webs ite.  

Future s tandards in this  series wil l  carry  the new general t i t le as  c ited above.  Tit les  of ex is t ing 
s tandards in this  series wil l  be updated at  the t ime of the next  edit ion.  

This  document  has been drafted in accordance with the ISO/IEC Direc t ives , Part  2.  

The commit tee has dec ided that  the contents of this  document  wil l  remain unchanged unt i l the 
s tabil i ty date indicated on the IEC webs ite under "ht tp: //webstore.iec.ch" in the data related t o  
the spec ific  document. At  this  date, the document wil l be 

• t ransformed into an Internat ional s tandard, 

• reconfirmed,  

• withdrawn,  

• replaced by  a revised edit ion,  or amended.   

 
A bi l ingual vers ion of this  publication may be issued at  a later date.  
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RECOMMENDATIONS FOR RENEWABLE ENERGY  
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION –  

 
Part 7-4:  Generators – Integration of solar with other forms  

of power generation within hybrid power systems 
 
 
 

1 Scope 

This  part  of IEC 62257,  which is  a technical spec ificat ion,  spec ifies  the des ign and 
implementat ion of hybrid off-grid solar sys tems, where solar energy provides  energy to a l oad  
in conjunct ion with other sources of energy.  Such sys tems may or may not  inc lude an  ene rgy  
s torage sys tem. There are a variety  of different  sys tem architectures and  app l i c a t ions ,  and  
many ways in which these energy  sources can be combined.  Th i s  doc um en t  d i s t ingu is hes 
between different  sorts  of hybrid sys tem applicat ions and gives guidance on  t he  des i gn  and  
integrat ion of these sys tems. 

It  applies  to s ingle-phase and three-phase applications, and it  covers  s ituat ions where g r i d  i s  
available as  an addit ional source of power for charging bat teries  and maintaining sys tem 
reliabil i ty, but  this  document  does not  cover s ituat ions in which energy is  fed back into a ut i l i ty 
grid,  although such sys tems may inc identally possess this funct ion. 

2 Normative references 

The fol lowing documents  are referred to in the tex t  in such a way the some or al l  of their 
content  const itutes  requirements  of this  document .  For dated references,  only  the edit ion 
c ited applies . For undated references,  the lates t edit ion of the referenced document (inc luding 
any amendments) applies . 

IEC TS 61836,  Solar photovoltaic energy sys tems – Terms,  def initions and symbols 

IEC TS 62257-7-2,  Recommendat ions for renewab le energy and hyb rid sys tems for rural 
elec t ri f ication – Part  7-2:  Generator set  – Of f -grid wind turb ines 1 

IEC TS 62257-7-3,  Recommendat ions for renewab le energy and hyb rid sys tems for rural 
elec t ri f ication – Part  7-3:  Generator set  – Selec t ion of  generator sets  for rural e l ec t r i f i ca t i on  
sys tems 

IEC TS 62257-9-7,  Recommendat ions for renewab le energy and hyb rid sys tems for rural 
elec t ri f ication – Part  9-7:  Selec t ion of  inverters  

IEC 62509,  Battery charge control lers for photovoltaic sys tems – Performance and funct ioning 

IEC 62548,  Photovoltaic (PV) arrays  – Des ign requirements  

IEC TS 62738,  Ground-mounted photovoltaic  power plants  – Des ign guidelines and 
recommendat ions 

____________ 
1 To be published. 
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3 Terms and definitions 

For the purposes of this  document , the terms and definit ions given in IEC TS  61836  and  t he  
fol lowing apply .  

ISO and IEC maintain terminological databases for use in s tandardizat ion at  the fol lowing 
addresses:  

• IEC Elec tropedia: available at  ht tp: //www.elec tropedia.org/  

• ISO Online browsing plat form: available at  ht tp: / /www. iso.org/obp 

3.1  
renewable energy  
REN 
energy from a source that  is  not  depleted when used 

3.2  
hybrid system 
mult i-sources system with at  least  two k inds of energy generat ion technology  

3.3  
storage  
storage of energy produced by one of the generators  of the sys tem in a bat tery  

3.4  
DC bus 
node of the elec t rical sys tem to which the DC input  of the bat tery  inverter is  connected to 

3.5  
AC bus 
node of the elec t rical sys tem to which the AC output  of the bat tery  inverter is  connected to 

3.6  
black sta rt 
process of s tart ing an elec t rical power supply  without  rely ing on any other ex ternal generat ing  
source 

3.7  
renewable fraction 
frac t ion of energy delivered to a load that  originates  from renewable power sources  

4 Overview 

Off-grid solar hybrid sys tems, where a solar energy source is  combined with other sourc es  o f  
energy such as  diesel or wind,  have two primary  differences in funct i ona l ity  c om pared  w i t h  
solar-only  off-grid sys tems. Firs tly, the intermit tent nature of solar can be compensated fo r  by  
mak ing use of an addit ional energy source.  In sys tems with bat teries ,  this  can help to 
maintain the bat teries charged,  and can change the way the bat tery  bank is  s ized with respect  
to the solar resource:  for example a diesel generator can be rel ied upon to charge the 
bat teries  if they would normally  have discharged after an overcast  period.  Secondly ,  the 
renewable aspect  of the hybrid sys tem can reduce the fuel consumpt i on  o f  a  s y s t em wh i c h  
would normally  be rely ing solely on fuel by  injec t ing a certain am oun t  o f  renewab l e  ene rgy  
into a sys tem which is normally sustained only by  diesel generators.  
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5 Types of hybrid systems 

5.1 General 

This  document  makes three princ ipal dis tinct ions according to t he  p r i m a ry  regu l a t o r  o f  t he  
energy output :   

a) Mult i-master rotat ing machine dominated mini-grid sys tems where a diesel generator 
c reates  the grid,  and to which other energy sources need to synchronize. 

b) Single switched master mini-grid sys tems with bat tery  banks where either the bat tery  
inverter c reates  the grid and the other energy sources synchronize to the bat tery  i nve r t e r  
output ,  or the diesel generator c reates  the grid.  

c ) Mult i-master inverter mini-grid where certain inverters  part icipate in the creat ion of the grid 
alongs ide the diesel generator.  

This  l is t  is  not  the comprehens ive range of architec tures available,  and the re  m ay  be  s ub t l e  
variat ions upon the architec tures,  for example mak ing use of other technologi es  s uch  as  DC 
coupled gensets . 

These different  architec tures  represent different  renewable frac t ions and spat ial dis tribu t ions 
of the power generators .  A rotat ing machine dominated mini-grid is  more suitable for 
applicat ions with a low renewable frac t ion,  where renewable energy is  used to offset  fuel 
consumpt ion in order to increase the renewable frac t ion and maintain constant service,  

5.2 Multi -maste r rotating machine dominated mini-grid 

5.2.1 General 

A mult i-master machine dominated mini-grid is  a sys tem whereby the c ha rac t e r is t ics  o f  t he  
grid such as  voltage and frequency are created by  a fuel powered rotat ing machine such as  a  
diesel generator,  and to which other renewable sources synchronize. 

A typical applicat ion of this  is  for s ites  with a high diese l  gene ra t i on  s e t  dem and ,  s uc h  as  
mining.  The renewable energy resource is  used to offset  the fuel consum p t i on  o f  t he  d i es e l  
generators  somewhat ,  but  never to completely replace them. See Figure 1.  
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Figure  1 – Typica l multi-maste r rota ting machine dominated mini-grid a rchitecture 

5.2.2 Design 

A typical arrangement is  to have a diesel generator or a bank of diesel generators  connect ed  
to the mini-grid dis t ribut ion network , suitable s ized according to the current  or future predic ted 
on-s ite loads.  Connected in parallel to the generat ion sets  are grid s y nc h ron i z ing  i nve r t e rs  
connected to a renewable energy resource,  typically solar for this  application .  E ve ry t h i ng  i s  
integrated together via a control mechanism, the purpose of which is  ensure the  c o r rec t  and  
opt imal performance of the whole sys tem, which it  does by  control ling the max imum outpu t  o f  
the inverters ,  and by  switching diesel generators  in and out  according to the load being 
demanded.  

Of part icular importance is  the protec tion of the generator sets  by  ensuring  t ha t  unde r  m os t  
load condit ions, the generator sets  are not  being over-loaded or under-loaded:  under-l oad i ng  
of a generat ion set  can cause incomplete combust ion of fuel,  c reat ing a ‘wet -s tack ing’ 
condit ion which can damage the engine.  For effic ient  combus t ion the generator should 
typically be run at  least  at  40 % of i ts  rated power but  manufacturers ' ins truc tions m ay  a l l ow 
for a wider variat ion in power.  

The other s ignificant  issue is  how to maintain s tabil i ty  of the mini-grid in the face of rapid 
changes of the renewable contribut ion due to c louds ,  etc . This  can be maintained by  ensuring  
there is  enough unused capac ity  in the generator sets  (spinning reserve) that  can be  qu i c k l y  
ac t ivated in order to compensate for the drop in renewable contribut ion,  or to integrate a small 
of amount  of bat tery  s torage into the system. 

All generat ing equipment  shall  be capable of operat ing at  the same nomina l  A C vo l t age  and  
frequency.  

5.2.3 Design and se lection of diese l generators 

Detailed characteris tics  and des ign requirements for diesel generators  for rural elec t ri fication ,  
inc luding this  application,  are described in IEC TS 62257-7-3.   

In general,  the sys tem shall be des igned in such a way that  for the typical expected loads t he  
generator sets  wil l  avoid wet-s tack ing,  while providing some spare capac ity  for spinning 
reserve,  and so typically they need to be configured so they wil l  operate at  be t ween  40  %  t o  
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80 % of their capac ity,  or values that  comply  with manufacturer’s recommendat ions.  When the 
loads on s ite are part icularly  variable,  then this  can be ensured by  having several smaller 
generator sets  ins tead of one large generator set .   

It  should be noted that  even if there are minimum recommended loadi ngs  fo r  t he  gene ra t o r  
sets ,  i t  may be acceptable to have them running under low loadings under some 
c ircumstances if i t  is  the only  way to avoid a black-out.  

5.2.4 Design and se lection of renewable energy component 

The des ign of the photovoltaic  array  and the ins tal lat ion requirements  are the same as 
described in IEC 62548.  For large scale ground mounted sys tems, the des ign requirements o f  
IEC TS 62738 may also apply .  

The des ign and ins tal lat ion requirements  of the wind component  are to  be  des c r i bed  i n  IE C 
TS 62257-7-2.  

Because the generator sets  dic tate the grid condit ions,  i t  is  necessary  to make use of 
inverters  that  can synchronize to the grid.  The characteristics o f  s u i t ab l e  i nve r t e rs  fo r  t h i s  
applicat ion can be found in IEC TS 62257-9-7.  

The percentage contribution of renewable generat ion at  any one t ime should be done  s o  t ha t  
the generator sets  wil l  cont inue to work  within the recommended minimum and max imum 
loading condit ions.   

When there are mult iple gensets ,  i t  is  poss ible to have a greater percentage of solar 
penetrat ion into the sys tem. The higher the solar penetrat ion, the more important  i t  is  t o  have  
effec t ive control over their energy output .  It  is  not  recommended to have a penetrat ion 
percentage of greater than 60 % renewables  into this  type of mult i-master  ro t a t i ng  m ac h ine  
dominated sys tem. 

The harmonics  tolerance of the diesel generators  shall  be checked against  the ha rm on i cs  o f  
the solar and bat tery  inverters .  

5.2.5 Design and se lection of ba tte ries 

Batteries may be integrated into these systems in order to reduce or e l i m i na t e  t he  need  fo r  
maintaining spinning reserve in the gensets .  The bat teries  are connected to the AC bus us i ng  
a suitable bat tery inverter,  as  discussed in IEC TS 62257-9-7 or via a hybri d  i nve r t e r  on  t he  
same DC bus as  the PV.  

The power capac ity of the bat tery  inverters  should be equal to the amount  of spinning reserve  
to be displaced. The s torage capac ity should be high enough to main t a i n  a  c ons t an t  power  
through expected generat ion dips ,  or for as  long as  it  may take non-spinning reserve (any 
addit ional gensets for example) to s tart -up. 

5.2.6 Control  system 

5.2.6.1 General 

The control systems to be implemented wil l  depend upon the expected operat ing mode o f  t he  
gensets ,  and of the percentage penetrat ion of renewables  into the sys tem.  

The diesel gensets  can be operated in one of two ways ,  or a combinat ion of both:   

• Cont inuous operat ing systems – in which al l  the gensets  are operat ing al l  of the t ime,  and  
whose output  is  raised or lowered via droop control .  For these sys tems it  is  nec essa ry  t o  
implement  a sys tem that  can measure the power flow from the generator s e t s  w i t h  s om e  
sort  of metering,  and which can measure and control the power output  from the renewab l e  
energy inverters .  
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• On demand systems – where the load demand is  met  by  switching gensets on and off.  F o r  
these sys tems it  is  necessary  to implement  a sys tem that  can measure power 
consumpt ion from the general power meter,  which can communicate with and c on t ro l  t he  
renewable energy inverters ,  which can measure the power output  of the gensets ,  and 
which is  capable of switching gensets on and off as  appropriate.   

5.2.6.2 Guarantee of gense t minimum load 

The sys tem shall operate in such a way as  to maintain a minimum load on the gensets ,  whi c h  
shall be according to diesel generator set  manufacturer’s  recommendations. 

5.2.6.3 Protection against reverse pow er flux 

The sys tem shall protec t  the gensets  agains t  reverse power flux  by  l imit ing the power 
product ion of the renewable energy generators  as  required,  or shut t ing the inverters  off 
completely i f required.  

5.2.6.4 Spinning reserve guarantee 

The sys tem shall guarantee enough spinning reserve capac ity  in the ac t ivated gensets  to 
cope with sudden drops in power product ion of the renewable energy resource.  This  is  
achieved by  ensuring that  enough gensets  are turned on at  any one t ime to cope with the 
eventuality  that  they may need to meet  the largest  l ikely load cont ingency by  themselves. 

In the event  that  bat teries  are coupled into the sys tem capable of covering the drops in power  
product ion,  the spinning reserve capac ity requirement  is  not  needed.  

5.2.6.5 Ramp ra te  control 

In order to soften the impact  on the grid of renewable energy resources  suddenly  i nc reas i ng  
in power,  for example when the sun suddenly  shines after a c loud has passed,  the ram p  ra t e  
of the inverters  (the rate at  which they are al lowed to increase their power),  should be 
control led. 

5.2.6.6 Reactive pow er control  

The inverters  may be capable of produc ing react ive power in order to support  the s t ab i l i t y  o f  
the microgrid.  This  may be control led by  fix ing a part icular power fac tor,  by  fix ing a part i c u l a r  
voltage or by  s imply  fix ing a pure amount  of react ive power to produce.  Dynamic  power fac t o r  
control may be preferred depending on the load and react ive power requirements .  A technica l 
and economic  analys is  should be carried out  to determine whether the react ive power 
required should be compensated by  the solar inverters  or the bat tery  inverters .  

5.2.6.7 Load control  

An opt ional control mechanism is  for the control system to have the abil i ty  to switch on and off  
certain loads on s ite,  in order to s top the sys tem from overloading,  or in order to maintai n  t he  
genset  minimum load and spinning reserve requirements . For example,  i t  is  possible to ins tal l  
some ‘dump loads ’,  res is tive loads whose sole purpose is  to ensure that  the genset  is  work ing 
at  i ts  minimum operat ing capac ity . 

5.3 Single sw itched maste r mini-grid 

5.3.1 General 

In this  applicat ion, the grid condit ions are normally  formed by bat tery  inverters .  Under cer t a i n  
condit ions (for example when bat tery  capac ity  is  low) the grid forming bat tery  inverters  can b e  
switched out  and the generator sets  can be switched in,  under which c ircumstance the 
generator sets  then dic tate the grid condit ions. 
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Renewable energy sources may be integrated onto the DC s ide of the bat tery  i nve r t e rs ,  t he  
DC bus,  or onto the AC bus,  and in the lat ter case they need to be capable of s y nc h ron i z ing  
to the grid condit ions. See Figure 2.  

 

Figure  2 – Single sw itched maste r mini-grid a rchitecture 

5.3.2 Design 

A typical arrangement is  to have a bat tery  bank connected to grid-forming bi-direc t ional 
inverters ,  which sends energy onto an AC bus.  Other energy sources  m ay  be  c oup l ed  on t o  
this  AC bus,  such as  renewable energy generators  with grid synchroniz ing inverters  and 
generator sets .  The sequence of operat ions is  as  fol lows:  

• Under normal operat ion the bat tery  inverters  c reate the condit ions of the mini-grid,  
frequency and voltage.  The renewable energy resources are either DC coupled 
(generat ing into the DC s ide of the bat tery  inverters),  or AC coupled (genera t i ng  i n t o  t he  
AC s ide of the bat tery  inverters ).  Diesel gensets  are AC coupled but  remain disconnected.  
The renewable energy component  can be used to supply  the loads and to charge the 
bat teries .  

• When the demand from the mini-grid is  higher than the bat tery  inverter and renewable 
energy sources can provide,  or when the bat teries  become very  discharged,  then the 
diesel generators  are switched on,  and the renewable energy sources are generally  
switched off.  The power from the gensets  can then be used to meet  the demands from t he  
grid and to charge the bat teries .  

• In some cases,  grid may be available,  and this  may also be used to meet  high dem and  on  
s ite or charge the bat teries  in a s imilar way to the generator sets .  

Prior to selec t ing the equipment ,  the end-use load applicat ion should be ful ly  unders tood,  
inc luding t ime-of-day use profi les ,  and a detai led s tudy of the on-s ite renewable energy 
resources should be carried out ,  inc luding ant icipation of future load growth.  Simulat ions m ay  
then be carried out  in order to determine the behaviour of the sys tem, and cost-benefit  
analyses should be performed in order to determine the best  combinat ion of equipment .  

All  AC coupled generat ing equipment  shall be capable of operat ing at  the  s am e  nom i na l  A C 
voltage and frequency.  
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5.3.3 Design and se lection of diese l generators 

Detailed characteris tics  and des ign requirements for diesel generators  for rural elec t ri fication ,  
inc luding this  application,  are described in IEC TS 62257-7-3.   

In general,  the sys tem shall be des igned in such a way so that  in the even t  t ha t  t he  ba t t e ry  
inverters  are not  able to meet  the sys tem demand, the diesel generators  are able to mee t  t he  
ent ire s ite demand.  Generator sets  shall  avoid wet-s tacking,  and so they shoul d  be  s i z ed  s o  
that  under expected loads they are providing at  least  40 % of their capac ity ,  unless  a 
manufacturer’s  recommendat ion says otherwise.  When the loads on s ite are part icularly  
variable,  then this  might  be ensured by  having several smaller generator sets  ins tead  o f  one  
large generator set .   

In some cases,  a diesel generator is  present  only  to boost  bat tery  voltage after a lengthy  
period of inc lement  weather.  In these cases, a manual on-off swit c h  m ay  s u f f i c e t o  c on t ro l  
when the generator is  turned on.   If automated s tart ing and s topping of the diesel generator is  
needed,  i t  may be control led via the hybrid sys tem control system, or i t  may be equipped w i t h  
a remote s tarter.  Start-up t ime should be cons idered to al low buffer t ime for the gene ra t o r  t o  
s tart  operat ing before the bat teries  are ful ly  depleted and the sys tem shuts  down.  

5.3.4 Design and se lection of renewable energy component 

The des ign and ins tal lat ion requirements  of the photovoltaic  component  are described in 
IEC 62548.  For large scale ground mounted sys tems,  the des ign requirements  of IEC 
TS 62738 may also apply .  

The des ign and ins tal lat ion requirements  of the wind component  are to  be  des c r i bed  i n  IE C 
TS 62257-7-2.  

The peak power s iz ing of the renewable energy generators  depends upon  a  s i t e  dependen t  
technical and economic  analysis, tak ing into account  the percentage of t ime the sys tem owner 
wants  to be us ing the genset  compared to the cost  of the equipment .  W ind and  s o l a r  ene rgy  
often peak at  different  t imes throughout  24 h and seasonal cyc les .  Depending upon the 
locat ion, combining wind and solar may help smooth the energy product ion profi l e  a t  a  g i ven  
locat ion and reduce further the dependency on fuel for the genset .  

5.3.5 Design and se lection of ba tte ries 

DC coupled renewable energy resources need to be connected to the bat teries  via a su i t ab l e  
charge control ler,  in order to protec t  the bat teries. The charge control lers shou l d  c on fo rm  t o  
IEC 62509.  

The characteristics for suitable bi-directional bat tery inverters  and inve r t e rs  fo r  A C c oup l ed  
renewable energy sources are covered in IEC TS 62257-9-7.   

The bi-direc t ional bat tery  inverters  shall be s ized in such a way that  they are able to meet  t he  
normal load demands of the s ite without  any contribution from renewables ,  diesel gene ra t i on  
or grid,  with care taken over peak power loads,  and with a view to how loads may increas e  i n  
the future.  

The usable bat tery  capac ity  needs to be large enough to maintain the loads running 
throughout  the des ired autonomy t ime. A number of hours  of aut onom y  a re  c hos en  t o  t ak e  
into account  the eventuality  that there is  no or l imited renewable energy resource for a p e r i od  
of t ime in which the bat teries  need to keep the sys tem running.   

In order to guarantee quality  of supply ,  hybrid sys tems do not  need  t o  be  des i gned  w i t h  as  
many hours  of autonomy as pure renewable energy and bat tery  sys tems ,  bu t  t he  l owe r  t he  
number of hours  of autonomy chosen, the more frequent ly  the gensets  wil l  be needed in orde r  
to maintain supply . A minimum and max imum state of charge shall  be set  through the c on t ro l  
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sys tem, which wil l  depend upon the technology of the bat teries ,  the overall  bat tery  
management sys tem, and any need to maintain a reserve in the event  of generat ion set  
fai lure.  

A detai led s ite dependent  technical and economic analysis should be carried  ou t  i n  o rde r  t o  
determine the ideal s iz ing of the bat tery  bank,  with spec ial cons iderat ion taken over the 
recommended depth of discharge for the technology being used,  bat tery  l i fe,  bat tery  
degradat ion,  the ambient  temperature in which the bat teries  wil l  be operat ing with any cooling  
needs taken into cons iderat ion, the t ime in which it  wil l  take them to discharge and the bat tery  
condit ion at  end of l i fe.  

5.3.6 System control  

5.3.6.1 General 

The sys tem needs to be control led in such a way as  to maintain the health of the energy 
s torage sys tem, maintain the quality of the micro-grid,  and max i m i ze  t he  us e  o f  renewab l e  
energy resources.  It  needs to be able to switch in and out  the diesel generator or grid as  
required in order to maintain security  of energy supply  and to keep the bat teries  charged.  
Control methods can be via direc t  communication, rel iant  on good measurement  of loads  and  
devices and high speed communication l inks,  or via droop methods tha t  re l y  on  c hanges  i n  
frequency to coordinate the operat ion of various devices,  and which do not  requ i re  s epa ra t e  
communication channels . (Note that  frequency control may not  be suit ab l e  whe re  a  s y s t em  
shall be connected to the main ut i l i ty grid in the future as  droop control may no t  be  pos s i b l e  
once connected to an ex ternal grid).  

5.3.6.2 Throttl ing of sola r production  

When bat teries  are ful ly  charged,  and the solar product ion is  greater than the load being 
demanded the sys tem should be able to reduce the solar product ion so that  the AC bus 
voltages do not  exceed spec ificat ions.  Control of renewable energy product ion can also 
protec t  diesel generators from reverse current  flow.  

Monitoring and communication can be set  up in order to control the inverte rs .  A l t e rna t i ve l y ,  
some bat tery  inverters  can s l ight ly shift  the frequency of the grid:  the grid-synchronizing sola r  
inverters  detec t  this  shift, tak ing it as  a s ignal to reduce their power output .  

5.3.6.3 Protection of gense ts from overload 

When the genset  is  ac t ivated, i t  is  providing power to the loads as  well as  to the bat ter i es  vi a  
the bi-direc t ional inverter/charger.  The sys tem shall  be capable of l imit ing the amount  of 
current  being asked from the genset .  The typical way of achieving this  is  to react  to generat o r  
droop:  i f the sys tem senses that  the frequency from the gensets  is  dropping because it  is  
reaching max imum load,  then it  wil l  lower the amount  of charging current  being demanded 
from the bat teries .  Forced ac tivat ion of the gensets  shall be programmed to ensure opera t i on  
is  init iated fortnightly  in the case that  the load level does not  require the gens e t s  t o  ope ra t e  
regularly .  

5.3.6.4 Priori tizing energy source  

The sys tem may be configured to priorit ize different  energy sources depending upon  t i m e -o f  
day or upon measured condit ions and energy demand.  Real-t ime weather fo rec as t ing  m i gh t  
be implemented in order to predic t  moments of low solar or wind,  and give t ime for generators  
to s tart  up.  

5.3.6.5 Activa tion of dump loads 

As an alternat ive to throt t l ing renewable energy product ion,  i t  is poss ible t o  s w i t ch  on  dum p  
loads.  For example,  with wind power,  when the power being produced is  in excess to the 
demand,  a res is t ive load can be turned on in order to consume that  power,  and keep t he  g r i d  
within healthy  parameters.  
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5.3.6.6 Protection of ba tte ries 

The sys tem shall  be des igned in such a way as  to protec t  the energy s torage sys tem within i ts 
part icular operat ing l imits  and where poss ible to operate the s torage in such a way to 
max imise its useful service l i fe.  This  can be achieved by programming regular charging of t he  
bat teries  by  the genset . It  can also be control led through disconnect ing of non-essent ial loads 
if needed.  

5.3.6.7 Load sharing 

Renewable energy inverters  may be switched into the sys tem by either sharing the load 
equally  amongst  al l  the inverters ,  or in a ‘team mode’,  by  switching inverters  in success ive l y ,  
adding more members  to the team as load increases. Team mode  i s  a  good  way  t o  reduc e  
inverter wear,  and to max imize the convers ion effic iency of the sys tem, s ince inverter 
effic iency curves typically are more favourable under higher loading condit ions. 

5.3.6.8 Grid forming maste r transition 

When the grid-forming energy source is  changed,  for example to the genset  or to grid,  t hen  i t  
is  important  to make the t rans ition with as  l i t tle impact upon mini-grid as  poss ible.  In  o rde r  t o  
t rans it ion from grid-forming inverter to genset ,  the inverter shall  change voltage and phas e  t o  
match the new master,  and then c lose a t ransfer switch to connect  the new master to the 
microgrid.  In order to t rans it ion from genset  back to the grid forming inverters ,  the proc es s  i s  
the same, with the inverter matching the phase and voltage of the master and then 
t rans it ioning,  except  in the event  of an unexpected shutdown,  in which case the bat tery  
inverters  need to black  s tart the sys tem. 

5.4 Multi -maste r inverter dominated mini-grid 

5.4.1 General 

In this  s ituat ion, a mix ture of rotat ing machine generat ion sets,  renewab l e  ene rgy  i nve r t e rs  
and bat tery  inverters  feed into a mini-grid,  but  al l  are capable of contribut ing to the creat ion of  
the grid,  i .e.  various technologies  ac t together as  the grid formers .  This  solut ion is  part icularly  
applicable to decentral ized solut ions,  with various energy generat ion technologies  spread 
throughout  a comparat ively  large s ite.  See Figure 3.  

 

Figure  3 – Multi -maste r inverter dominated mini-grid a rchitecture 
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