
With  the  vast  consumpt ion  of  foss i l  fue ls  and  increased

greenhouse  gas  emiss ions ,  drast ic  envi ronmenta l

impacts  have  happened  which  have  led  to  an  increased

global  demand  for  developing  methods  of  harvest ing

and  stor ing  energy  susta inably .  Renewable  energy

sources ,  such  as  solar ,  hydro ,  and  wind  energy  are  the

most  promis ing  solut ions  for  address ing  these

concerns .

However ,  elect r ic i ty  produced  f rom  these  sources  must

be  ef f ic ient ly  stored  to  supply  the  wor ld  with  energy  on

demand.  This  i s  where  bat ter ies  come  in to  the  picture .

When  i t  comes  to  elect r ic  vehic les  also ,  bat ter ies  form

the  crucia l  par t .  Any  discuss ion  of  the  fu ture  of  elect r ic

vehic les  ends  up  with  a  rev iew  of  where  bat tery

technology ,  speci f ica l ly  bat tery  range  and  recharge

speeds ,  wi l l  be  in  the  coming  years .

P E R S P E C T I V E

A  big  leap  i s  needed  to  increase  the  distances  these

bat ter ies  can  power  vehic les .  To  do  so ,  bat tery

technology  researchers  are  focus ing  on  immediate

improvements ,  with  an  eye  on  a  longer - term  move  to

sol id  state  bat ter ies ,  which  would  replace  the  l iqu id

par t  of  a  bat tery .  So,  what  are  some  of  the  emerging

EV  bat tery  technologies  and  composi t ions  and  what

is  the  fu ture  roadmap.  We  asked  our  exper ts  to

answer  the  same. .
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BATTERY TECHNOLOGY
ROADMAP:
WHAT ARE SOME EMERGING EV BATTERY TECHNOLOGIES AND
COMPOSITIONS?



The  deployment  of  elect r ic  vehic les  (EVs )  wi l l  def ine  the

mobi l i ty  revolut ion  of  the  21st  century .  The  recent

emergence  of  l ight  and  smal l  l i th ium - ion  bat ter ies  has  made

some  EVs  cost -compet i t ive  with  convent ional  vehic les .

However ,  s ince  bat ter ies  make  up  about  f i f ty  per  cent  of  the

value  of  an  EV,  the  matur ing  of  EV  bat tery  technologies  wi l l

be  cr i t ica l  for  a  complete  t rans i t ion  to  elect r i f ied  t ranspor t .

The  new  generat ion  of  bat ter ies  wi l l  have  to  improve  the

cost -ef fect iveness ,  safety ,  convenience  and  susta inabi l i ty  of

EVs  to  ent ice  the  vast  major i ty  of  regular  vehic le  buyers .

CEEW  analys is  suggests  that  research  i s  increas ingly

focussed  on  reducing  dependence  on  cr i t ica l  minera ls  and

mater ia ls  used  for  manufactur ing  of  l i th ium - ion  (Li - ion )

bat ter ies .  For  ins tance,  cobal t  i s  a  necessary  component  of

most  EV  bat ter ies .  But  the  market  for  cobal t  i s  volat i le  and

reserves  are  low,  with  most  of  the  global  cobal t  resource

concentrated  in  the  Democrat ic  Republ ic  of  Congo.  Funding

development  of  low  cobal t  bat tery -composi t ions  l i ke  Nickel

Manganese  Cobal t  Oxide  811  (NMC -811 )  would  increase  the

res i l ience  of  the  EV  supply  chain .  Simi lar ly ,  replac ing

graphi te  anodes  with  s i l icon  has  the  potent ia l  to  improve  the

bat tery ’s  energy  densi ty .  Bat ter ies  could  potent ia l ly  become

more  compact  and  of fer  bet ter  vehic le  mileage.

We  can  also  fas t - t rack  the  development  of  new  chemist r ies

to  provide  funct ional  al ternat ives  to  convent ional  Li - ion  EV

bat ter ies .  Li th ium  sulphur  (Li -S )  bat ter ies ,  that  replace  cobal t

wi th  sulphur  in  the  cathode,  could  reduce  mater ia l  costs  and

envi ronmenta l  impact .  Al ternat ive ly ,  metal -ai r  bat ter ies  forgo

the  cathode  ent i re ly .  Ins tead,  they  use  a  metal  anode  which

reacts  with  atmospher ic  oxygen  to  produce  energy .  Metal -ai r

bat ter ies  have  some  of  the  highest  theoret ica l  energy

densi t ies  and  could  make  use  of  eas i ly  avai lab le  metals  l i ke

sodium,  z inc  or  alumin ium,  but  the  technology  i s  st i l l  in  a

nascent  stage  and  requi res  s igni f icant  R&D.

The  st ructure  of  the  bat tery  i s  also  a  poss ib le  avenue  for

innovat ion .  For  ins tance,  sol id -state  bat ter ies  (SSB ) ,  that

cons is t  of  a  sol id  elect ro ly te  ra ther  than  l iqu id ,  minimise  the

r isk  of  f i re .  They  have  a  high  charg ing  ra te  and  energy

densi ty  compared  to  convent ional  EV  bat ter ies .  Another

potent ia l  breakthrough  i s  the  commercia l isat ion  of  st ructura l

bat ter ies ,  also  cal led  massless  energy  storage  systems.

St ructura l  bat ter ies  store  energy  whi le  also  act ing  as  load -

bear ing  components  in tegra l  to  the  vehic le ’s  st ructure ,

negat ing  the  bat tery ’s  addi t ional  weight .  Whi le  st ructura l

bat ter ies  would  great ly  increase  the  dr iv ing  range  and

ef f ic iency  of  EVs,  the  associated  increase  in  the  cost  and

complex i ty  of  the  bat tery  recycl ing  process  should  be

evaluated.
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The  per formance  of  an  elect r ic  vehic le  (EV )  i s  la rgely

dependent  on  a  bat tery  and  i t s  mater ia ls  composi t ion .

Bat tery  select ion  i s  based  on  per formance  character is t ics ,

such  as  energy  and  power  densi ty ,  l i fe  cycle ,  safety ,

charg ing /discharg ing  ra te ,  cost ,  etc .  Current ly ,  the  market  i s

dominated  by  Li th ium - ion  bat ter ies  (LiBs ) .  The  most

prominent  mater ia l  composi t ions  in  LiBs  are  Li th ium  Nickel

Manganese  Cobal t  (LNMC ) ,  Li th ium  Nickel  Manganese  Oxide

(LNMO ) ,  and  Li th ium  I ron  Phosphate  (LFP )  as  cathode

mater ia ls  and  graphi te  as  anode  mater ia l .  Li th ium  and  cobal t

have  lesser  energy  densi ty .  Also ,  these  mater ia ls  are  scarce .

Therefore ,  new  mater ia l  composi t ions  are  being  t r ied  to

enhance  the  per formance,  envi ronmenta l  f r iendl iness ,  and

susta inabi l i ty  of  bat ter ies .  The  fo l lowing  Table  provides  the

summary  of  per formance  ind icators  for  var ious  ex is t ing  and

emerging  bat tery  technologies .

As  elect r ic  vehic les  become  more  mainst ream,  the  focus  on

bat tery  technology  R&D  has  also  increased.  Companies  and

academic  ins t i tu t ions  are  increas ingly  bui ld ing  teams  and

target ing  the i r  R&D  spending  towards  the  improvement  of

ex is t ing  technologies .  I t  i s  imperat ive  that  Ind ia  takes  a

leading  ro le  by  par t ic ipat ing  in  global  research  and

encouraging  col laborat ion  between  Ind ian  and  global

inst i tu t ions .  By  focuss ing  on  R&D,  Ind ia  can  not  only

accelerate  decarbonisat ion  of  i t s  own  t ranspor t  sector ,  but

a lso  play  a  pivota l  ro le  in  accelerat ing  the  deployment  of  EVs

in  other  countr ies  too .
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                           They  are  the  most  commonly

used  bat ter ies  which  got  very  ear ly  success  and

hence  were  used  in  diverse  mult ip le  appl icat ions .

However ,  due  to  var ious  inherent  i ssues

including  the i r  weight  &  safety ,  they  are  now  only

found  in  a  very  speci f ic  appl icat ion  l i ke  SLI  or  the

home  inver ters .  

                           They  are  the  most  commonly

used  bat ter ies  in  present  t imes  yet  despi te

pushing  the i r  chemist ry  to  i t s  l imi ts ,  they  st i l l

have  l imi ta t ion  in  del iver ing  a  dr iv ing  range  to  a

BEV  (on  fu l l  charge )  as  comparable  to  that  of

ICEVs  (on  fu l l  tank ) ,  leave  as ide  i ssued  of

extended  charg ing  or  recouping  t ime

                                   Despi te  having  s imi lar

energy  densi t ies  as  that  of  LIBs  and  also  having

advantages  l i ke  form  f lex ib i l i ty ,  ruggedness ,

being  safer  they  could  not  f ind  much  success

except  in  rest r ic ted  appl icat ions  of  niche

markets .

The  research  on  bat ter ies  had  star ted  in  the  ear ly  1800  and

was  evolv ing  with  t ime  at  a  very  s low  pace  t i l l  the

elect ronics  revolut ion  happened  around  1960  making  these

bat ter ies  par t  of  dai ly  l ives  which  brought  the  drast ic

changes  in  the  development  of  bat tery  technologies .  Whi le

his tor ica l ly ,  the  bat ter ies  were  class i f ied  as  pr imary  (non -

rechargeable )  or  secondary  ( rechargeable ) ,  yet  with  t ime

and  appl icat ions ,  th is  class i f icat ion  has  vanished.  However ,

one  must  understand  the  basic  di f ference  between  the  two

as  expla ined  graphica l ly  below  –  shi f t  happens  f rom  pr imary

bat ter ies  to  secondary  bat ter ies  as  the  power  needs  go  up

with  repeated  requi rements .

As  seen  in  the  Table ,  emerging  technologies  have  higher

energy  densi ty  (2–4  t imes )  compared  to  t rad i t ional  bat ter ies .

This  leads  to  an  increase  in  the  l i fe  of  the  bat tery  and  run

t ime,  and  minimises  footpr in t  s ize .  Emerging  bat ter ies  (except

L iS )  of fer  greater  l i fe  cycle  and  can  even  be  used  for  long -

dis tance  t ravel  (over  300  km )  per  charge.  Fur ther ,  these

bat ter ies  have  enhanced  safety  character is t ics  and  raw

mater ia ls  are  widely  avai lab le  ( inc luding  in  Ind ia ) .  Some

emerging  bat ter ies  have  specia l  features .  Metal -ai r  bat ter ies

do  not  requi re  elect r ic i ty  for  charg ing  and  requi re  the

replacement  of  metals  (Alumin ium /Zinc )  for  every  cycle .

S imi lar ly ,  graphene -based  bat ter ies  can  be  charged  quick ly

(15  sec )  and  fac i l i ta te  more  cycles  (but  have  low  energy

densi ty ) .  As  for  costs ,  emerging  bat ter ies  are  more  feas ib le

except  for  sol id -state  bat ter ies  (due  to  high  equipment  cost ) .

Mater ia ls  used  in  most  emerging  bat ter ies  are

envi ronmenta l ly  f r iendly ,  inc luding  when  i t  comes  to  the

af ter l i fe .  This  ind icates  that  emerging  bat tery  chemist r ies  can

play  a  crucia l  ro le  in  EVs  alongside  most  proven  t rad i t ional

bat ter ies .

Ind ia  i s  ta rget ing  30%  of  EV  deployment  by  2030.  To  meet  th is

target ,  the  Government  of  Ind ia  announced  plans  for

ind igenous  manufactur ing  with  an  earmarked  product ion -

l inked  incent ive  scheme  of  INR  18,000  Crore .  The  current

composi t ion  of  LiBs  (Li ,  Co )  would  pose  impl icat ions  re la t ing

to  mater ia ls  avai lab i l i ty ,  economics ,  and  envi ronment .

Therefore ,  i t  i s  imperat ive  to  ut i l i se  domest ica l ly  avai lab le

mater ia ls  such  as  Alumin ium,  Sulphur ,  I ron ,  Phosphorus ,  etc .

The  economies  of  scale  through  ind igenous  plants  would

pave  a  path  for  fur ther  cost  reduct ion  and  susta inable  bat tery

manufactur ing .
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The  current  fami ly  of  bat tery  technologies  have  a  wide

range,  many  of  them  are  al ready  avai lab le  commercia l ly ,

whi le  many  others  are  st i l l  in  the  development  stages .  With

t ime,  many  of  these  technologies  wi l l  evolve  and  come  out

of  the  laboratory ,  and  compete  for  the i r  surv iva l .  We  wi l l

look  at  some  of  them  now.

         EMERGING BATTERIES
(EXCEPT LIS) OFFER
GREATER LIFE CYCLE AND
CAN EVEN BE USED FOR
LONG-DISTANCE TRAVEL
(OVER 300 KM) PER
CHARGE.

Present Day Commonly Used Batteries:

Lead Acid Battery:

Lithium-Ion Battery:

Lithium Polymer Battery: 
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