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Innova:ve	
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  for	
  
automo:ve	
  applica:on	
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Electrochemistry	
  group:	
  
Main	
  research	
  ac:vi:es	
  

The	
   Electrochemistry	
   group	
   is	
   ac?ve	
   in	
   the	
   field	
   of	
   electrochemistry	
   and	
  
electrocatalysis	
  from	
  more	
  than	
  90	
  years…	
  

from	
  Lab-­‐scale	
  	
  
to	
  

preindustrial-­‐scale	
  
assembly	
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Facili:es	
  and	
  main	
  ac:vi:es	
  

material	
  synthesis	
   characteriza:on	
   cell	
  assembly	
  &	
  
tes:ng	
  @	
  labscale	
  

tes:ng	
  ba3ery	
  
packs	
  &	
  modules	
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POLITO	
  task	
  force	
  on	
  Ba3eries	
  

Task	
  force	
  on	
  modeling:	
  
	
  
Daniele	
  Marchisio	
  DISAT	
  -­‐	
  materials	
  produc?on	
  process	
  
Pietro	
  Asinari	
  DENERG	
  -­‐	
  electrode-­‐electrolyte	
  interface	
  
Massimo	
  Santarelli	
  DENERG	
  -­‐	
  Electrochemical	
  and	
  thermal	
  model	
  

Task	
  force	
  on	
  baRery	
  pack,	
  BMS	
  and	
  Power	
  electronics	
  
	
  
Paolo	
  Guglielmi	
  DENERG-­‐	
  module	
  and	
  baRery	
  pack	
  assembly	
  
Radu	
  Bojoi	
  DENERG	
  -­‐	
  BMS	
  
Michele	
  Pastorelli	
  DENERG-­‐	
  power	
  electronics	
  

Electric	
  vehicle	
  applica?ons	
  and	
  integra?on	
  
	
  
Massimiliana	
  Carello	
  DIMEAS	
  -­‐	
  EVs	
  

EC-­‐lab,	
  PEIC,	
  CARS	
  interdipar?mental	
  labs	
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renewable	
  energy	
  	
  is	
  not	
  con:nuous..	
  	
  
and	
  needs	
  to	
  be	
  stored	
  

transi:on	
  to	
  electric	
  vehicles	
  needs	
  
high	
  energy	
  density	
  ba3eries	
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Ba3eries	
  for	
  electric	
  vehicle	
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Evolu:on	
  of	
  EV	
  market	
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Ba3ery	
  World	
  produc:on	
  facili:es	
  	
  

2017	
  and	
  Europe?	
  
new	
  opportuni:es?	
  



/30	
  
electrochemistry	
  group	
  	
  

silvia.bodoardo@polito.it	
  
Silvia	
  Bodoardo	
  	
  

NetVal	
  Roma	
  2019	
   9	
  

Ba3eries	
  are	
  not	
  simply	
  
current	
  and	
  voltage	
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Ba3ery	
  components	
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Wide	
  Market	
  segment	
  

good	
  opportuni:es	
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Let’s	
  go	
  inside	
  the	
  ba3ery	
  cells	
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Li-­‐ion	
  cell	
  

Cathode Anode 

electrolyte 

Cathode : LiMn2O4 spinel 
    LiCoO2 cobaltite 

Anode :   graphite 
      metallic  Li foil   

LiM+nOx                M+(n+1)Ox + Li+ + e charge 

Li+ + e               Li 
6C + Li+ + e —> LiC6 
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The	
  perfect	
  ba3ery	
  
High	
  Energy	
  Density	
  

High	
  Power	
  Density	
  

Safety	
  Low	
  Cost	
  

Sustainable	
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The	
  perfect	
  ba3ery	
  

High	
  Energy	
  Density	
  

High	
  Power	
  
Density	
  

	
  

Energy:	
  power	
  by	
  :me	
  

Wh	
  =	
  Ah	
  x	
  V	
  =	
  capacity	
  x	
  voltage	
  

Power:	
  energy	
  per	
  second,	
  wa3	
  	
  
W	
  =	
  A	
  x	
  V	
  =	
  current	
  x	
  voltage	
  

	
  
Capacity:	
  current	
  x	
  ?me	
  Ah	
  

increase	
  capacity	
  Ah	
  
	
  

increase	
  voltage	
  	
  	
  V	
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Lithium
	
  -­‐	
  oxygen	
  

S:	
  2	
  e-­‐	
  

16	
  

Li
th
iu
m
	
  -­‐	
  
Su
pl
hu

r	
  



/30	
  
electrochemistry	
  group	
  	
  

silvia.bodoardo@polito.it	
  
Silvia	
  Bodoardo	
  	
  

NetVal	
  Roma	
  2019	
   17	
  

Cathodes	
  and	
  Anodes	
  	
  

Sulfur	
  

many	
  possibili:es	
  for	
  
improvement	
  and	
  for	
  new	
  
inven:ons	
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Energy	
  density	
  growth	
  

Years	
  today	
  

150	
  
Wh/kg	
  

LiS	
  and	
  Li	
  air	
  

500	
  Wh/
kg	
  

2020	
  

Around	
  200	
  kg	
  of	
  actual	
  Li-­‐ion	
  baReries	
  are	
  needed	
  to	
  reach	
  no	
  more	
  than	
  200	
  
km	
  per	
  single	
  charge	
  

Reduc?on	
  of	
  weight	
  and	
  Increase	
  of	
  
energy	
  density	
  is	
  strongly	
  required	
  
+  	
  Development	
  of	
  inexpensive,	
  
thermally	
  stable,	
  long	
  cycling	
  
and	
  safe	
  ba3eries	
  

250	
  
Wh/kg	
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▪  Insulating nature of sulfur and Li2S (electronic conductivity of S is 5 × 10−30 S cm
−1, 25 °C) 

▪  Dissolution of polysulfides in the electrolyte 

▪  Shuttling of polysulfides 

▪  Lack of morphology restoration 

19	
  

Lithium sulfur 

 
 

•  High theoretical specific capacity 1675 Ah/kg 

•  High energy density 2500 Wh/kg 
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Li	
  air:	
  reac:ons	
  

Y.	
  Shao,	
  S.	
  Park,	
  J.	
  Xiao,	
  J-­‐G.	
  Zhang,	
  Y.	
  Wang,	
  J.	
  Liu,	
  ACS	
  Catal.,	
  2012,	
  2,	
  844-­‐857	
  

Non	
  aqueous	
  system:	
  
2Li+ + 2e- + O2 ↔Li2O2   
E0= 2,96V vs Li+ / Li 

-O2 dissolved in the electrolyte is carried through the pore network of the cathode,  
-Precipitation of insoluble products narrow such network lowering oxygen diffusivity 

Theore:cal	
  energy	
  
density	
  	
  

11500	
  Wh/kg	
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Can	
  we	
  get	
  high	
  energy	
  together	
  
with	
  high	
  power?	
  

Yes…	
  just	
  change	
  the	
  cell	
  design	
  

POLITO	
  
Patent	
  

HEP 
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The	
  perfect	
  ba3ery	
  

Safety	
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The	
  perfect	
  ba3ery	
  

Safety	
  
 

subs:tu:on	
  of	
  Lithium	
  
with	
  other	
  metals	
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The	
  perfect	
  ba3ery	
  

Safety	
  

 

subs:tu:on	
  of	
  Lithium	
  
with	
  other	
  metals	
  	
  

	
  
protec:on	
  of	
  Li	
  metal	
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protec:on	
  of	
  Li	
  with	
  	
  
polymer	
  membranes	
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The	
  perfect	
  ba3ery	
  

Safety	
  

 
BMS,	
  number	
  of	
  data,	
  increase	
  of	
  complexity	
  

subs:tu:on	
  of	
  Lithium	
  
with	
  other	
  metals	
  	
  

	
  
protec:on	
  of	
  Li	
  metal	
  

	
  
use	
  of	
  smart	
  ba3eries	
  



/30	
  
electrochemistry	
  group	
  	
  

silvia.bodoardo@polito.it	
  
Silvia	
  Bodoardo	
  	
  

NetVal	
  Roma	
  2019	
   27	
  

Main	
  EU	
  ini:a:ves	
  

INTERREG	
  
 AMBP
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endorse	
  ba3ery2030.eu	
  

November	
  20th	
  roadmap	
  workshop	
  in	
  Brussels	
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ETIP	
  Ba3eRIesEurope	
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Thank	
  you	
  Electrochemistry	
  Group	
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Silvia	
  Bodoardo	
  
Electrochemistry	
  Group,	
  	
  

Department	
  of	
  Applied	
  Science	
  and	
  Technology	
  –	
  Politecnico	
  di	
  Torino	
  –	
  c.so	
  Duca	
  
degli	
  Abruzzi,	
  24	
  –	
  10129	
  Torino	
  –	
  Italy	
  –	
  silvia.bodoardo@polito.it	
  	
  

Thank	
  you	
  	
  
for	
  your	
  kind	
  a3en:on	
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The	
  perfect	
  ba3ery	
  

Low	
  Cost	
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cost	
  issues	
  

Expec?ng	
  big	
  cost	
  reduc?on	
  for	
  2020	
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