




With  th is  paper,  EUROBAT a ims to  con t r ibu te  to  the  EU po l i cy  debate  on  c l imate  and  energy  and  
exp la in  the  po ten t ia l  o f  Bat tery  Energy Storage to  enable  the  t ransi t ion  to  a  susta inable  and 
secure  energy system based on renewable  sources ,  w i th  reduced g reenhouse  gas  emiss ions  
and  enhanced energy  independence  fo r  Europe .  

In  o rder  to  dep loy  renewab les  and  to  re lease  the i r  po ten t ia l  fo r  ensur ing  a  s tab le  and  secure  
energy supp ly,  Europe needs to  work  to  overcome the in t r ins ic  l im i ts  o f  renewables .  One so lu t ion  
to  these  cha l lenges  i s  Ba t te ry  Energy  S to rage .  Techno logy  advancements ,  soc ia l  needs  and  
market  demand are rap id ly  making bat ter ies an at t ract ive so lu t ion for  decarbonis ing the European 
energy mix. Batteries can be installed at every level of the grid ,  from generation and transmission 
to  d is t r ibu t ion ,  househo lds ,  commerc ia l  and  indus t r ia l  cus tomers ,  and  can  s to re  energy  f rom 
on-peak  renewab le  energy  and  re lease  i t  when i t  i s  more  needed in  cen t ra l ,  de-cen t ra l i sed  and  
off-grid situations. Batteries offer grid support services l ike voltage control and frequency regulat ion, 
enab l ing  g r id  s tab i l i t y  and  f lex ib i l i t y.  Ba t te r ies  can  a lso  p lay  an  impor tan t  ro le  in  of f -gr id  and 
micro-gr ids  so lu t ions :  ba t te r ies  can  rep lace  d iese l  genera to rs  to  power  te lecom towers ,  
m ic ro -g r ids  in  sma l l  i s lands  and  even  bu i ld ings  and  househo lds  i so la ted  f rom the  g r id .

Al l  bat tery  technologies  ( lead,  l i th ium,  n icke l  and sodium)  have an important  ro le  to  p lay  
i n  th is  regard :  there  i s  no  one-s ize- f i t s -a l l  ba t te ry,  s ince  d i f fe ren t  app l i ca t ions  requ i re  d i f fe ren t  
ba t te ry  techno log ies .  I t  i s ,  there fo re ,  necessary  to  iden t i f y  the  mos t  appropr ia te  type  o f  ba t te ry  
fo r  a  par t i cu la r  app l i ca t ion  in  te rms o f  cos t ,  per fo rmance and  env i ronmenta l  impac t .
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Bat te r ies  can  so lve ,  o r  a t  leas t  reduce ,  the  p rob lem o f  an  in te rmi t ten t  supp ly  o f  energy,  wh ich  i s  
one  o f  the  key  weaknesses  o f  renewab le  energy  sources .  Th is  va luab le  serv ice  has  severa l  
pos i t i ve  e f fec ts  fo r  a  con t inen t  such  as  Europe ,  wh ich  has  re la t i ve ly  l im i ted  energy  resources  o f  
i t s  own and  i s ,  consequent l y,  dependent  on  foss i l  fue l  impor ts .  Inc reas ing  the  use  o f  renewab les  
in  the  energy  mix  a l lows  energy  impor ts  to  be  reduced,  w i th  c lear  benef i t s  fo r  Europe ’s  energy  
independence  and  secur i t y.  The decarbonisat ion of  the  energy mix  and reduct ions in  overa l l  
CO2 emiss ions are  other  c lear,  posi t ive  outcomes of  an  increased use of  Bat tery  Energy 
Storage in  Europe.

Today,  a  range o f  d i f fe ren t  energy  s to rage  techno log ies  a re  ava i lab le  on  the  marke t ,  wh i le  
o thers  a re  s t i l l  a t  the  R&D s tage ,  and  there fo re  w i l l  be  commerc ia l l y  ava i lab le  on ly  in  the  
med ium te rm.  S to rage  techno log ies  have  d i f fe ren t  charac te r i s t i cs  and  app l i ca t ion  types ,  and  
can  be  d i f fe ren t ia ted  accord ing  to  the i r  s i ze ,  d ischarge  t ime,  o r  func t iona l i t y  o f fe red .  

In  th is  scenar io ,  bat ter ies  are  rap id ly  emerging as  an opt imum solut ion for  both  on-gr id  and 
of f -gr id  opt ions .  Compared  w i th  o ther  s to rage  techno log ies ,  ba t te r ies  can  eas i l y  be  p laced  a t  
every level of the grid, from generat ion and transmission to distr ibut ion, households and businesses, 
o f fe r ing  d i f fe ren t  serv ices  to  in tegra te  renewab les  and  s tab i l i se  the  g r id .  A key  advantage  o f  
ba t te r ies  i s  the i r  ab i l i t y  to  o f fe r  a  var ie ty  o f  se rv ices ,  wh ich  means  they  can  benef i t  f rom mul t ip le  
va lue  s t reams.  For  th is  reason,  the  poss ib i l i t y  to  enab le  the  “s tack ing”  o f  revenue s t reams is  
c ruc ia l  to  improve  p ro jec t  revenues  and  economic  re tu rns .
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MORE SELF-PRODUCED ELECTRICITY: 
at customer level, a photovoltaic 
system increases self-consumed 
electricity from 30% to 60-70% 
with storage

ENABLE PROSUMERS: 
users can store their self-produced 
electricity and sell it to the grid

BACKUP POWER: 

support customer loads and 
provide backup power throughout 
an entire power outage period

MORE RENEWABLES: 

more energy into the grid with 
fewer electricity power plants

TIME-SHIFT & RESERVE CAPACITY: 

store renewable electricity and use 
it when needed

REDUCED ENERGY WASTE: 

store renewable energy that would 
otherwise have been curtailed

ANCILLARY SERVICES FOR 

GRID STABILISATION: 

voltage control, frequency 
regulation, black start, 
congestion relief & more

GRID MORE SECURE, 

RELIABLE, AND RESPONSIVE: 

reduce line congestion 
and line loss by moving 

electricity at off-peak times

FAST RESPONSE: 

store electricity and use it 
when needed

GRID UPGRADE DEFERRAL: 

battery energy storage is 
an alternative to expensive 
investments in transmission/
distribution system upgrades

LARGE SCALE                            GRID LEVEL                                  CUSTOMER LEVEL



Following the Commission’s expectat ions, by 2050, the share of electr ici ty in f inal energy demand wil l  
at least double to 53 percent. At the same t ime, i t  is expected that by 2030 around 55 percent of 
electr ici ty consumed in the EU wil l  be produced from renewables .

Batter ies al low the owners of solar panels or wind generators to store the energy produced – when i t  
is not immediately consumed and when i t  would be uneconomic to supply i t  to the grid – and then to 
release i t  when prices are higher. Similar ly, batteries can store the energy produced with 
renewables that would otherwise have been curtailed .  Arbitrage, therefore, has a dual value. For 
owners, i t  can represent an economic incentive, al lowing energy trading to take place. For society, i t  
enables energy waste to be reduced or eliminated. In order to be feasible, arbitrage requires electricity 
pr ices to f luctuate freely. 

Overal l ,  the effect is that every renewable power plant injects more energy into the grid when it 
has a battery .  This results in a reduced need for new central-stat ion generat ion capacity. Variable 
renewable generat ion, combined with energy storage, represents a f ixed generat ion capacity that can 
be valued on capacity markets. Moreover, storage devices can compensate for the destabi l is ing 
effects of variable generat ion on grid stabi l i ty by enabl ing wind and solar generators to contr ibute to 
primary and secondary reserves, respectively. For such funct ions, storage can be either associated 
direct ly with generat ion devices or can otherwise be connected to the grid. 

1. European Commission, Report on the Implementation of the Strategic Action Plan on Batteries: Building a Strategic Battery Value Chain in Europe, 2019

Bat te r ies  can  ensure  g r id  s tab i l i t y  in  a  number  o f  ways .  F i rs t ,  they  can  rap id ly  s to re  energy  o r  
feed  in  energy,  even  in  m i l l i seconds ,  in  o rder  to  ba lance  a  g r id  a rea  to  avo id  f requency  ins tab i l i -
t y,  reconc i l i ng  momentary  d i f fe rences  caused by  f luc tua t ions  in  genera t ion  and  loads .  

Second,  ba t te r ies  can  p rov ide  reserve  capac i ty  to  the  g r id  to  take  over  the  ro le  o f  the  sp inn ing  
reserves  de l i ve red  by  convent iona l  ro ta t ing  genera t ion  un i ts .  Ba t te ry  Energy  S to rage  i s  needed 
to  res ta r t  and  p rov ide  necessary  power  to  the  g r id  –  as  we l l  as  to  s ta r t  o ther  power  genera t ing  
sys tems –  a f te r  a  comple te  power  ou tage  o r  i s land ing  s i tua t ion  (b lack  s ta r t ) .

F ina l l y,  Ba t te ry  Energy  S to rage  can  a lso  o f fe r  load  leve l l i ng  to  low-vo l tage  g r ids  and  he lp  g r id  
opera to rs  avo id  a  c r i t i ca l  over load .  I t  a l lows  g r id  opera to rs  to  sh i f t  l oad  f rom peak  to  base  load  
per iods  and  a lso  enab les  ramp con t ro l ,  i n  o rder  to  reduce  the  max imum cur ren ts  f low ing  f rom 
the  h igh-vo l tage  g r id  th rough cons t ra ined  g r id  asse ts .

These anci l lary  serv ices  improve the  work ing condi t ions and st ress-res is tance of  the  gr id ,  
extending i ts  capaci ty  and making i t  more  secure ,  re l iab le ,  and responsive .  S to rage  can  
a lso  reduce  l ine  conges t ion  and  l ine  loss  by  mov ing  e lec t r i c i t y  a t  o f f -peak  t imes .  Thus ,  i t  can  
ex tend  the  l i fe  o f  ex is t ing  in f ras t ruc tu re ,  a l low ing  e i ther  a  de fe r ra l  o f  inves tments  o r  en t i re ly  
avo id ing  the  need to  make expens ive  inves tments  in  t ransmiss ion /d is t r ibu t ion  sys tem upgrades .  
The  poss ib i l i t y  o f  ins ta l l i ng  Ba t te ry  Energy  S to rage  sys tems shou ld ,  there fo re ,  be  cons idered  as  
an  economic  a l te rna t i ve  when cos t l y  upgrades  to  t ransmiss ion /d is t r ibu t ion  l i nes  a re  needed.



At  househo ld ,  commerc ia l  and  indus t r ia l  l eve l ,  a  ba t te ry  sys tem connec ted  to  a  so la r  pane l  o r  a  
sma l l  w ind  genera to r  can  p rov ide  severa l  se rv ices  to  end-users .  Bat tery  Energy Storage wi l l  
increase the  amount  of  se l f -produced e lect r ic i ty  as  wel l  as  increasing se l f -consumpt ion .  
A sma l l  PV +  ba t te ry  sys tem can  inc rease  the  percen tage  o f  se l f -consumed e lec t r i c i t y  f rom about  
30% wi thout  s torage to around 60-70%, opt imis ing eff ic iency and reducing the amount  of  addi t ional  
power  needed f rom the  g r id .  Th is  means  tha t  m i l l i ons  o f  consumers  a round the  wor ld  a re  ab le  to  
p roduce  the i r  own e lec t r i c i t y,  as  we l l  as  s to re  i t  and  se l l  i t  back  to  the  g r id .  Fur thermore ,  Ba t te ry  
Energy  S to rage  can  min im ise  the  d is to r t ion  caused by  inver te rs  to  op t im ise  the  in jec t ion  in to  the  
g r id .  

Wi th  d isappear ing  feed- in  ta r i f f s ,  decreas ing  PV and  inc reas ing  e lec t r i c i t y  cos ts ,  th is  mode l  has  
s ta r ted  to  become v iab le  in  coun t r ies  w i th  a  h igh  degree  o f  PV penet ra t ion ,  creat ing more  and 
more  ‘prosumers ’ (cus tomers  p roduc ing  the i r  own energy  and ,  in  some cases ,  se l l i ng  i t  to  the  
g r id ) .  The  r i se  in  the  number  o f  p rosumers  has  esca la ted  thanks  to  the  fa l l  i n  the  cos t  o f  
renewab le  energy  techno log ies ,  espec ia l l y  so la r  pane ls .  They  a lso  o f fe r  anc i l l a ry  serv ices  to  
g r id  opera to rs ,  wh ich  can  be  aggrega ted  and  managed by  th i rd  par t ies  in  a  more  e f f i c ien t  way.  

Ba t te ry  Energy  S to rage  can  suppor t  cus tomer  loads  and  provide  backup power  th roughout  an  
en t i re  power  ou tage  per iod ,  work ing  as  an  un in te r rup tab le  power  supp ly  un i t  (UPS) .  Th is  serv ice  
i s  par t i cu la r l y  use fu l  in  a reas  w i th  weak ,  low-vo l tage  g r ids .  

BULK ENERGY GRID LEVEL CUSTOMER ENERGY 
MANAGEMENT

Time  shift & peak shaving Voltage support Time shift & peak shaving

Supply capacity Frequency regulation Increased self- consumption

Reduce curtailment

Arbitrage Arbitrage

Black start

Infrastructure upgrade 
deferral

Backup power

Offer ancillary services to 
the grid

Offer ancillary services to 
the gridCongestion relief

Demand response Demand responseReserve Capacity



There  a re  no  one-s ize- f i t s -a l l  so lu t ions  in  the  energy  s to rage  wor ld ,  and  the  dec is ion  to  op t  fo r  
one  ba t te ry  s to rage  techno logy  over  ano ther  depends  on  severa l  fac to rs .  For  ins tance ,  IRENA 
s ta tes  tha t :  

“The  very  d i f fe ren t  requ i rements  o f  the  range o f  se rv ices  tha t  e lec t r i c i t y  s to rage  can  p rov ide  — 
and the  vary ing  per fo rmance charac te r i s t i cs  o f  each  g roup  o f  e lec t r i c i t y  s to rage  techno log ies  — 
means  tha t  a  d iverse  g roup  o f  s to rage  techno log ies  w i l l  p rosper.  I t  i s  there fo re  l i ke ly  tha t  a  
range of  technolog ies wi l l  f ind d i f ferent  market  segments  where they can compete on per formance 
and  cos t .  The e lect r ic i ty  s torage market  in  s ta t ionary  appl icat ions wi l l  therefore  remain  a  
d iverse  one to  2030 and beyond . ”

EUROBAT supports  the  coexis tence of  a l l  bat tery  technologies ,  wi th  the i r  se lect ion for  
on-grid and off-grid applications depending on specific requirements regarding the performance, 
l i fe ,  safe ty  and cost  o f  a  g iven appl icat ion .  The  EU’s  leg is la t i ve  and  regu la to ry  f ramework  
shou ld  guaran tee  a  fa i r  and  techno logy-neu t ra l  compet i t i on  be tween ba t te ry  techno log ies .   

Severa l  mature  techno log ies  are  ava i lab le  today  fo r  Bat te ry  Energy  Storage,  bu t  a l l  techno log ies  
have  cons iderab le  deve lopment  po ten t ia l .  Today,  lead  i s  the  dominant  techno logy  in  the  g loba l  
rechargeab le  marke t  and  i t  w i l l  keep  g rowing  in  abso lu te  te rms,  wh i le  l i th ium is  showing  the  
fas tes t  g rowth  among ba t te ry  techno log ies ,  mos t l y  due  to  the  deve lopment  o f  e -mob i l i t y.  N icke l  
i s  a  we l l -es tab l i shed  techno logy  w i th  exc lus ive  app l i ca t ions  in  ex t reme cond i t ions ,  wh i le  sod ium 
shows in te res t ing  deve lopment  po ten t ia l .  Research  i s  a l ready  be ing  under taken  in to  ba t te ry  
improvements  fo r  d i f fe ren t  app l i ca t ions ,  f rom energy  s to rage  to  e -mob i l i t y.  In  genera l ,  research  
should be di rected at  reducing the cost  and improving the cycle l i fe  and energy densi ty  of  bat ter ies.  
EUROBAT is  con f iden t  tha t  ce l l - leve l  and  sys tems- leve l  ba t te ry  research  w i l l  fu r ther  improve  the  
bus iness  case  fo r  Ba t te ry  Energy  S to rage  a t  a l l  l eve ls  o f  the  g r id .  Suppor t  fo r  Bat tery  Energy 
Storage R&D is ,  there fore ,  c ruc ia l  fo r  the deve lopment  o f  these technolog ies .

2. EUROBAT conventionally gathers the different battery technologies available on the market in the four families. However, there are considerable differences among different types 
    of batteries in the same family.
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Lead-based ba t te r ies  have  been in  indus t r ia l  app l i ca t ions  fo r  over  a  hundred  years  and  a re  we l l  
es tab l i shed  in  on-gr id  app l i ca t ions  fo r  g r id  opera to rs  and  end-users .  Because  o f  the i r  low 
up f ron t  cos t ,  deep-cyc l ing  lead-based ba t te r ies  a re  used  to  p rov ide  these  func t ions  in  many  
smal l -sca le  so la r  ins ta l la t ions .  Today,  lead-based ba t te r ies  a re  the  dominant  techno logy  o f  the  
g loba l  rechargeab le  ba t te ry  marke t  by  vo lume .

Work  i s  be ing  car r ied  ou t  to  inc rease  overa l l  per fo rmance in  a l l  aspec ts  th rough advanced ac t i ve  
mater ia ls  and  lower - res is tance  des igns .  Lead-based ba t te r ies  have  the  lowest  upfront  cost  o f  
a l l  techno log ies  and  a re  we l l  su i ted  to  p rov id ing  serv ices  where  the  requ i red  dep th  o f  d ischarge  
i s  modera te  ( fo r  example ,  peak  shav ing) ,  as  we l l  as  more  in tens ive  du ty  cyc les  depend ing  on  
des ign  and  cons t ruc t ion .

Thanks to signif icant R&D efforts since decades, lead batter ies have offered continuous performance 
improvements.  Research is under way that  a ims to provide increased cycle l i fe,  charge acceptance, 
discharge performance and cost reduct ion.  Speci f ic  power wi l l  be improved with advanced addi t ives 
to  the  ac t i ve  mater ia ls  and  lower  in te rna l  res is tance  des igns ,  wh i le  cyc le  l i fe  w i l l  be  leng thened 
through design enhancements such as corrosion-resistant lead al loy materials and a more intel l igent 
ba t te ry  opera t ion  mode.  Ba t te ry  management  sys tems may be  app l ied  to  con t ro l  charge  and  
d ischarge  to  improve  e f f i c iency  and  inc rease  ba t te ry  l i fe .  Best  in  c lass  lead bat ter ies  for  
renewable applications have a l i fe of  15 years with regular deep cycling.  Lead-based bat ter ies,  
in  common w i th  n icke l -based a lka l ine  ba t te r ies ,  have  aqueous  e lec t ro ly tes  wh ich  makes  them 
much less  hazardous  in  a  f i re

At  the  end  o f  the i r  l i f e ,  lead-based ba t te r ies  a re  co l lec ted  fo r  recyc l ing .  With in  the  EU,  c lose  
to 100% of lead-based batteries are returned and recycled in a closed-loop system. All components 
a re  recyc led ,  and  the  lead  in  ba t te r ies  does  no t  en te r  in to  f ree  c i rcu la t ion ,  bu t  ins tead  i s  
co l lec ted  and  re -used  to  p roduce  new ba t te r ies .  The  marke t  fo r  lead-based ba t te r ies  in  the  EU 
is  p redominant l y  met  w i th  recyc led  mater ia l ,  w i th  low demand fo r  p r imary  lead  reserves .  

3.  Avicenne Energy, 2019, Lead Acid Battery Market 2015-2030

Indust r ia l  L i - ion  bat te r ies  have recent ly  been in t roduced in to  the  indust r ia l  market  fo r  power  
generation, grid- level,  residential  and commercial instal lat ions, drawing on the extensive experience 
ga ined in  the  deve lopment  o f  ba t te r ies  fo r  e lec t r ic  and hybr id  veh ic les .  L i - ion  bat te r ies  are  
showing the  highest  growth among bat tery  technologies  and are  today the  techno logy o f  
cho ice  fo r  e -mobi l i t y  app l ica t ions .

The choice of Li-ion is justified by its long lifespan, high energy efficiency, operation at undefined/low 
state  of  charge ,  as  we l l  as  i ts  compactness,  l igh twe ight  and sys tem communicat ion  capab i l i t y.  
L i - ion  techno logy is  h igh ly  sca lab le  and can be adapted to  prac t ica l ly  any  vo l tage,  power  and 
energy  requ i rement .  L i - ion  bat te r ies  requ i re  soph is t ica ted cont ro l  e lec t ron ics ,  wh ich ,  on  the  one 
hand,  makes the  techno logy somewhat  complex  to  manage,  but ,  on  the  o ther  hand,  o f fe rs  prec ise  
management  and s ta te-o f -charge cont ro l  in  ‘smar t ’ app l ica t ions .

Research on L i - ion  bat te r ies  w i l l  fu r ther  increase energy  dens i ty,  cyc le  and ca lendar  l i fe  and 
address  non-propagat ing  ce l l - to -ce l l  thermal  ins tab i l i t ies .  Economies o f  sca le  and indust r ia l  
capac i ty  fo r  the  mass product ion  o f  indust r ia l -s ize  ce l ls  and bat te r ies  w i l l  cont r ibu te  to  cos t  
reduct ions .  D i f fe rent  sys tem so lu t ions  w i l l  be  deve loped fo l lowing an increase in  market  vo lume.  



Nicke l -based a lka l ine  ba t te r ies  serve  spec ia l  marke ts  where  energy  mus t  be  s to red  in  ex t reme 
c l imate ,  long-cyc le  o r  fas t -charg ing  cond i t ions ,  in  hard  to  serve  a reas ,  and  when super io r  re l ia -
b i l i t y  i s  needed.   Where  tempera tu res  a re  very  low (down to  -40°C) ,  n icke l -cadmium ba t te r ies  
s t i l l  opera te  cor rec t l y.  In  add i t ion ,  n icke l -cadmium ba t te r ies  have  a  good cyc l i c  durab i l i t y,  as  
we l l  as  long  ca lendar  l i fe .  As  a  resu l t ,  where  renewable  energy is stored and used cyclically 
and where temperatures are very low or very high, nickel-cadmium bat ter ies  can be  a  compet i -
t ive  technology choice .  

Future developments wi l l  focus on increasing cyc le l i fe ,  extending temperature range and reducing 
sel f -d ischarge and costs.  Because of  their  performance, re l iabi l i ty,  operat ional  safety and durabi l i ty  
in  the face of  adverse envi ronmental  condi t ions,  a lkal ine bat ter ies wi l l  cont inue to be i r replaceable 
in  the i r  es tab l i shed  app l i ca t ions .

A t  the  end  o f  the i r  l i f e ,  n icke l -based ba t te r ies  a re  co l lec ted  fo r  recyc l ing .  N icke l  bat ter ies  are  
recycled in  a  wel l -developed in f rast ructure ,  and  due  to  the i r  h igh  recyc lab i l i t y,  n icke l  i s  
reused in  the  manufac tu re  o f  a  w ide  var ie ty  o f  indus t r ia l  p roduc ts  and  cadmium is  re in t roduced 
in  the  manufac tu r ing  o f  new ba t te r ies .  Reserves  o f  n icke l  and  cadmium are  a lso  su f f i c ien t  to  
sa t i s fy  demand.

L i - ion  ba t te r ies  meet  the  average  recyc l ing  ra te  o f  
50% mandated  fo r  th is  fami ly.  The  ma jo r i t y  o f  
end-o f - l i fe  L i - ion  ba t te r ies  a re  p resen t l y  f rom 
consumer  e lec t ron ic  app l i ca t ions ,  and  recyc led  
mater ia l  f rom vo lumes cur ren t l y  co l lec ted  does  
no t  match  the  quant i t i es  requ i red  to  manufac tu re  
ba t te r ies  o f fe red  on  the  marke t  today.  There fo re ,  
due  to  i t s  g rowth ,  th is  segment  i s  cur ren t l y  a  ne t  
‘ taker ’ o f  raw mater ia ls .  The  marke t  fo r  L i - ion  
ba t te r ies  i s  fo recas t  to  g row very  rap id ly,  d r i ven  
by  veh ic le  e lec t r i f i ca t ion  as  we l l  as  renewab les .  
There  i s  a  subs tan t ia l  e f fo r t  on-go ing  to  b r ing  
capac i ty  and  au tomat ion  to  the  ex is t ing  L i - ion  
recyc l ing  fac i l i t i es ,  so  tha t  when la rge  vo lumes o f  
used  (au tomot ive  and)  s to rage  ba t te r ies  w i l l  

Sod ium-su lphur  ba t te r ies  a re  p r imar i l y  manufac tu red  in  Japan.  They  have  been p romoted  fo r  
on-g r id  energy  s to rage  p r imar i l y  because  o f  the i r  h igh  e f f i c iency,  long  cyc le  l i fe ,  fas t  response  
a n d  h i g h  e n e r g y  d e n s i t y.  H o w e v e r,  t h e s e  b a t t e r i e s  h a v e  h i g h  t e m p e r a t u r e  r e q u i r e m e n t s ,  
r e q u i r i n g  ex t ra  insu la t ion  and  ac t i ve  hea t ing .  The  f rag i le  na tu re  o f  the  ceramic  e lec t ro ly te  i s  
a lso  a  concern .

Sod ium-n icke l  ch lo r ide  ba t te r ies  a re  in  the  ear ly  s tages of  commercia l isat ion for  on-gr id  
appl icat ions ,  be ing used in  severa l  p i lo t  pro jects  (MW scale)  for  on-  and off -gr id  energy s torage.  
There fo re ,  there  i s  s t i l l  space  fo r  deve lopment ,  w i th  R&D focused on  improv ing  the  recharge  
power  and increas ing cyc le  l i fe  through des ign enhancements .  Automat ion,  process improvement  
and  economies  o f  sca le  w i l l  b r ing  fu r ther  cos t  reduc t ions .  N icke l  ch lo r ide  ca thodes  o f fe r  severa l  
advan tages ,  inc lud ing  a  higher  operat ing vol tage,  an  increased operat ional  temperature  
range,  a  s l ight ly  less  corros ive  cathode,  and somewhat  safer  ce l l  construct ion .

Sod ium- ion  ba t te r ies  a re  a lso  in  the  ear ly  s tage  o f  commerc ia l i sa t ion  fo r  s ta t ionary  s to rage  
app l i ca t ions ,  w i th  research  ongo ing  to  enhance  per fo rmances ,  op t im ise  chemis t ry  and  ex tend  
l i fe t ime.  They  show lower  charg ing  t ime bu t  a lso  low energy  dens i ty.   
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r each  the  end  o f  the i r  l i f e ,  they  w i l l  be  recyc led  a t  marg ina l  cos t  and  feed  the  manufac tu re  o f  
new ba t te r ies .






