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THE PERIODIC TABLE OF THE ELEMENTS

Why do we need a 
"new"periodic table?
We already have one!

2019

International Year of 
the Periodic Table
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THE EUCHEMS TABLE (2019 VERSION)
The 90 natural elements that make up everything

How much is there? Is that enough?

Sponsors 
logo
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Read more and play the video game http://bit.ly/euchems-pt
This work is licensed under the Creative Commons Attribution-NoDervis CC-BY-ND
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UPDATING THE TABLE VIA SCIENTIFIC DISCUSSION

April 22, 2021

April 26, 2022

December 1, 2021

May 25, 2023



Nicola Armaroli, CNR, Bologna (Italy) – The Phosphorus Element – May 25, 2023

THE LATEST VERSION, 2022
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THE THREE COLORS OF CARBON

Plentiful supply
GREEN

Serious (double) threat
in the next 100 years

RED

From conflict resources
GREY
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LITHIUM: FROM YELLOW TO ORANGE
December 1, 2022
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THE RISING RELEVANCE OF LITHIUM

Among the most disruptive
enabling technologies ever

(Just) two examples

SMARTPHONES
ELECTRIC VEHICLES
PORTABLE DEVICES
HOME APPLIANCES

…

"For their contributions to the development of the
lithium-ion battery (LIBs)"
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LITHIUM AND DECARBONIZATION

Electric vehicles Storage of intermittent renewables 

VIRTUALLY
NO ALTERNATIVES

TO LIBs SO FAR

VIABLE ALTERNATIVES
CLOSE TO COMMERCIALIZATION

(sodium and flow batteries)
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LITHIUM: RESOURCES AND RESERVES

Estimated RESOURCES 2013: 23 Mton

Estimated RESOURCES 2023: 98 Mton

Current RESERVES: 26 Mton

8 kg/car

BEVs that can be made
3.2 billions (today 1.4) 

DOABLE? HOW?
It depends  from several factors…

From rocks
(Australia)

From brines
(South America) Data from US Geological Survey



Nicola Armaroli, CNR, Bologna (Italy) – The Phosphorus Element – May 25, 2023

BATTERIES: THINGS EVOLVE

50 kWh (NMC 523)

50 kWh (LFP)

50 kWh
Ni-Mn-Co 523

50 kWh
Lithium Iron Phosphate

Lithium 5,5 4,9

Cobalt 9,5 /

Nickel 23,5 /

Graphite 44,0 59,4

Manganese 13,5 /

Copper 17,0 23,2

Aluminum 29,0 39,4

Iron / 37,3

Phosphorus / 20,7

TOTALE 142,0 208,1
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THE ONGOING STEP: NITROGEN AND PHOSPHORUS 
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Read Support Notes and play the Video Game (Elemental Escapades! A Periodic Table Adventure)
at http://bit.ly/euchems-pt 
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The 90 natural elements that make up everything
How much is there? Is that enough? Is that sustainable?
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NITROGEN

PHOSPHORUS

Key elements
for fertilizers

FOOD
PRODUCTION
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NITROGEN: PLENTIFUL AND ... IMPACTFUL
The Earth atmosphere contains
about 4000 trillion tons of N.

Virtually unlimited supply
To do what?

SOMETHING HAPPENED 
AROUND HERE

1.5 % of annual global
greenhouse gas emission

NH3
Synthesis of 

ammonia

Haber-Bosch 
Process
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PHOSPHORUS: AN INCREASINGLY EXPLOITED ELEMENT

NOT ONLY FERTILIZERS
Steel, water treatments,  batteries, food additives, pesticides, flame retardants, …

Guano islands
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N AND P: ENVIRONMENTAL IMPACT

Dead Zones

N and P runoff in the Gulf of Mexico
from agriculture, industry, urbanization
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N,P OVERUSE IS RELEVANT FOR THE BIOSPHERE

https://www.eea.europa.eu/soer/2020/so
er-2020-visuals/status-of-the-nine-
planetary-boundaries/view

Status of the 9 planetary boundaries
(European Environment Agency)

LINEAR
APPROACH

TO RESOURCE  USE
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PROMOTING A CIRCULAR PERSPECTIVE
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Raw Materials Scoreboard,
The European Commission,
2018

EU RECYCLING RATES (METALS)

We need to perform better!
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MINERAL  RESOURCES  ARE  CONCENTRATED

NO ALTERNATIVE TO INTERNATIONAL COOPERATION

CARBON
(oil&gas)

LITHIUM

RARE
EARTHS

PHOSPHORUS
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DISCUSSION ONGOING IN EUCHEMS:
SHOULD WE ADD A COLOR TO N (AND C AND P)? 

P is also a candidate
The today discussion 

will be key to our 
future decision
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THE EUCHEMS PT HAS AN IMPACT
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OUR SCIENTIFIC DISCUSSION WILL CONTINUE
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THE  EUCHEMS  TASK GROUP ON THE PT

D. Cole-Hamilton, UK C. Coperet, CH M. Menche, DE

R. Poli, FR F. Rutjes, NL N, Hrastelj (Sec. General)

E. Hey-Hawkins, DE

Thank 
you!


