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ENERGY TRANSITION



Source: “Energy Transitions, Uncertainty, and the Implications of Change in Risk Preferences of Fossil Fuel Investors” Oxford Institute for Energy Studies (OIES), 2019. Massif Capital.
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In electricity markets, the biggest hurdle 
to get storage on the grid is market 

development
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Lithium cobalt oxide (LCO)
Prominent technology in the consumer electronic market. Optimizes energy density 
( important in small  form factors)  but is less competit ive on total cycle l ife and 
degradation. It ’s high cobalt  usage places greater risk on supply.

Lithium nickel manganese cobalt (NMC)

Most prominently used in the EV market today. NMC has several chemical variants, 
most notably NMC 532 and NMC 622. The numbers denote the ratios of nickel,  
manganese and cobalt .  There is signif icant R&D work right now on transit ion to a 
8:1:1 ratio which would require much more nickel and less cobalt .  The EV battery 
world is on a 5-year design cycle. Through 2025, we expect 5:3:2 mix or 6:2:2 mix to 
remain dominate with 8:1:1 not seeing commercial ization unti l  2026. The principal 
hurdle at this point is cycle l ife. 

Lithium nickel cobalt aluminum (NCA) First  commercial  chemistry to try and substitute cobalt  for nickel.  

Lithium iron phosphate (LFP)
Inherently safer than most cathode chemistries. It  has a very high-power density 
making it  a suitable choice for electric tools. 

Lithium manganese oxide (LMO)

First  technologies used in EV (Nissan Leaf for instance) due to its cost structure. It  
has poor cycle l ife capabil it ies however making it  a less attractive option for most 
consumers. 

S o u r c e s :  M a s s i f  C a p i t a l ,  L L C ;  B o s t o n  C o n s u l t i n g  G r o u p ,  V a r i o u s  O E M  a n d  T e c h n o l o g y  a n d  S p e c .  S h e e t s ,  2 0 1 9

VARIANCE IN  CATHODE ARCHITECTURE
To d a y,  t h e  c a t h o d e  d r i v e s  b o t h  t h e  e c o n o m i c  a n d  p e r f o r m a n c e  c h a r a c t e r i s t i c s  o f  t h e  l i t h i u m - i o n  b a t t e r y.



Demand growth is underappreciated



0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

2,000,000

2017 2023 2028

Lithium

Graphite Anode

Cobalt

Nickel

8x

7x
19x
4x

lithium

graphite

nickel

cobalt

S o u r c e :  B e n c h m a r k  M i n e r a l  I n t e l l i g e n c e .  M a s s i f  C a p i t a l .

UNPRECEDENTED GROWTH IN  SELEC T METALS  ON THE HORIZON
to

nn
es



Cobalt oxide

Cobalt sulphate

Other raw 
materials

Cell 
Manufacturing

Electric 
Vehicles

Portable 
Electronics

Power/motive

ESS 
applications

Pack 
Manufacturing

Manganese

Lithium 
hydroxide

Nickel sulphate

Graphite

Copper

Aluminum

Separator 
materials

Anode 
materials

Ancillary 
components

Cathode 
materials

M at e r i a l s B at t e r y  C o m p o n e n t s F i n i s h e d  B a t t e r y F i n a l  P ro d u c t
$3.4B

$1.3B

$0.8B

$0.3B

$0.6B

$0.6B

$8B

$2B

$2B

$2B

$3B
$7B

$25B

$23B

$9B

$3B

$1B

Electrolyte

Source: Roskill. Massif Capital.

Lithium 
carbonate



Lithium is not a mining business
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H ISTORICAL  PRODUCTION
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Lithium
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OPPORTUNITY
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COMPANIES  ARE RESPONDING
I f  t h e  t o p  5  l i t h i u m  p r o d u c e r s  l o o k  t o  h o l d  m a r ke t  s h a r e ,  t h e i r  a s s e t  b a s e  i s  s e t  f o r  e x p o n e n t i a l  g r o w t h .  
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COMPANIES  ARE RESPONDING
P a i r e d  w i t h  a n  e v i d e n t  r i s e  i n  C A P E X ,  m a n y  p r o d u c e r s  a r e  a t  a  c o m p e l l i n g  i n v e s t m e n t  p o i n t  i n  t h e i r  c a p i t a l  c y c l e .



Appendix



Depletion Horizons Based on Reserves
Demand from the energy sector ranging across energy scenarios (blue) and demand without the energy sector (black)

Sources: Massif Capital, LLC; “Enough Metals? Resource Constraints to Supply a Fully Renewable Energy System” Resources Journal, January 2019



Lithium cobalt oxide (LCO)
Prominent technology in the consumer electronic market. Optimizes energy density (important in small form factors) but is 
less competitive on total cycle life and degradation. It’s high cobalt usage places greater risk on supply.

Lithium nickel manganese cobalt (NMC)

Most prominently used in the EV market today. NMC has several chemical variants, most notably NMC 532 and NMC 622. 
The numbers denote the ratios of nickel, manganese and cobalt. There is significant R&D work right now on transition to a 
8:1:1 ratio which would require much more nickel and less cobalt. The EV battery world is on a 5-year design cycle. Through 
2025, we expect 5:3:2 mix or 6:2:2 mix to remain dominate with 8:1:1 not seeing commercialization until 2026. The principal 
hurdle at this point is cycle life. 

Lithium nickel cobalt aluminum (NCA) First commercial chemistry to try and substitute cobalt for nickel. 

Lithium iron phosphate (LFP) Inherently safer than most cathode chemistries. It has a very high-power density making it a suitable choice for electric tools.

Lithium manganese oxide (LMO) First technologies used in EV (Nissan Leaf for instance) due to its cost structure. It has poor cycle life capabilities however 
making it a less attractive option for most consumers. 

NMC
(Excels at specific energy). 

LFP
(Excellent safety but moderate specific energy)

Sources: Massif Capital, LLC; Boston Consulting Group, Various OEM and Technology and Spec Sheets, 2019
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The picture above is a matrix of the change in battery pack cost (USD/kWh), relative to a change in either the Cobalt Price (x axis) or the LCE price (y axis). In the NMC 622 
cathode structure, the middle cell in the matrix suggests that at a $25 per lb cobalt price and a $10,000 per ton LCE price, a battery pack is roughly $208 per kWh of energy 
capacity. Each cell returns two values, a % change from the base (top left) and the total USD/kWh (bottom right). You will notice that a NMC 811 cathode structure, at the 
same price of the raw material, costs almost half of the NMC 622 at just $126 per kWh. 
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