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The History of

INNOVATION CYCLES

Below, we show waves of innovation across 250 years,
from the Industrial Revolution to sustainable technology.
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The theory of innovation cycles was developed by
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We have hit the ‘holy cow’ moment

Implementation of How energy

energy technologies
technologies progress
The ”holy
cow” moment
Unaderestimate

Iimpact

How the human mind thinks
about the future

Overestimate
Impact

Years
Technology Introduction

- Credit Rene Kleijn, 2022, Leiden University Adapted from Richard Baldwin: The Globotics Upheavel, 2019
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antimony

arsenic

baryte

beryllium

bismuth
boron/borate
cobalt

2023 Critical Raw Materials (new CRM:s in italics)

coking coal
feldspar
fluorspar
gallium

germanium

hafnium
helium
HREE

lithium

LREE
magnesium
manganese
natural graphite
niobium

PGM

phosphate rock
copper*

phosphorus

scandium

silicon metal

strontium
tantalum

titanium metal

tungsten
vanadium
nickel*

2023 Critical Raw Materials (Strategic Raw Materials in italics)

aluminium/bauxite
antimony

arsenic

baryte

beryllium

bismuth
boron/borate
cobalt

coking coal
feldspar
fluorspar
gallium

germanium

hafnium
helium
HREE

lithium

LREE
magnesium
manganese
natural graphite
niobium

PGM

phosphate rock
copper*

phosphorus

scandium

silicon metal

strontium
tantalum

titanium metal

tungsten
vanadium
nickel*

* Copper and nickel do not meet the CRM thresholds. but are included as Strategic Raw Materials.
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Critical materials — half of the first 83 elements
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Figure A: Results of the 2023 EU criticality assessment®

HEEL

¥ I | 303
[ ] Mon-Cntical 2083
— — — 5B threghald
Ll Ehresha
Galiuim
Bt
L
b
=LA iim
"-I-l O
L]
3 A Lichidii

Matursl Teak oo

[ ] Hatural graphine
Feldspar
L
|!.|I||I|
] fsium [
Sapike wiood ™ Fluorspar
Laking s i

i -
rafite Kaolin day REnon
T L] & Kryphon ardin

A e [l | L ]

M .
_ Hvirogen

@lpreuie

& Phosphorus

Bismuth
anbmony *
Barglium

& Miobam

SIFIHIbLm

Pl g rEsaum

PGM
L

- Eibcoas mecal
L ]
& Tarkalum Alumminmisausite Manganess
L J L ]
Phesphaterock
Ting Matursl & e ol bideniiim

[

'|I.|-|-_|"—.-
Salenium

. ._-.-.I:- T

o i

T Telbarium
W pern g ——i M=l
e '- ' ".:J‘:l'l'lll m
TR E I e o -
R A Tali Copmer
1
F 1 1

]
TUDelft

S 3l ™
L 3

& Mihnl

Tung=ger

European
Commission

6



Country supply into EU

Figure 5: Main EU suppliers of individual CRMs

United States
Beryllium* 67%

Phosphate

Mexico
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DRC
Cobalt* 63%
“Tantalum 35%

South Africa ﬁ
Iridium* )

Palladium* 36%
Platinum* 71%
Rhodium* 81%
Ruthenium* 94%
Manganese 41%

| Qatar
mfk'ye Hellqm 35%
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Kazakhstan
Phosphorus

71%
Titanium metal 36%
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Yttrium
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* share of global production
italic = extraction stage
regular = processing stage
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Part 1 The Critical Raw Materials Act
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EUROPEAN CRITICAL
RAW MATERIALS ACT

March 2023

T TheEU s aiming to ensure a secure and sustainable
supply of critical raw materials for Europe’s industry.



Why - CRM for our future

Critical raw materials are
needed for the green and
digital transitions as well as
for defence and space
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To enhance our long-term
competitiveness

March 2023

The EU is aiming to ensure a secure and sustainable
supply of critical raw materials for Europe’s industry.

To maintain our open
strategic autonomy in a
fast-changing and increasingly
challenging geopolitical
environment



Top level targets by 2030

e Extraction (Primary Mining):
* 10% mined in EU

* Recycling:
e At least 15% of materials recycled in EU (currently for some CRM 0%)

* 3rd country supply:
e No more than 65% from outside EU

* Processing:
* At least 40% of materials processed in EU (currently for some CRM 0%)
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Part 2; The Net Zero Industry Act

EU NET-ZERO
INDUSTRY ACT:

MAKING THE EU THE HOME
OF CLEAN TECH INDUSTRIES

March 2023
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The act: Made in EU by 2030

Li-ion batteries Fuel cells Electrolysers
20~
Gy =
Wind turbines Traction motors Solar photovoltaics (PV)
Heat pumps Hydrogen direct reduced iron and Data transmission networks

electric arc furnaces (H2-DRI)
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Data storage and servers Smartphones, tablets and laptops Additive manufacturing (AM)
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Robotics Drones Space launchers and satellites

Source: JRC elaboration based on flaticon.com

) 40% must be made in EU by 2030
TUDelft Links to CRMA on material supply



The Circular Opportunity - Remanufacturing

]
TUDelft



Circle — products /equipment /components - materials
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Creating a shared understanding: the “Scales to
Aspects” Model

]
TUDelft

16



CRM in buildings

QE

Heat pumps

Traction motors -

Tillmann Klein, 2020

¥ Urban-Integrated
Phovoltaics (UIPV)

Data storage and servers

Adapted from Steward Brand - How buildings learn

Built-Added
Photovoltaics (BAPV)

Building/Invisibly Integrated
Photovoltaics (BIPV/IIPV)

Data transmission networks

Charley Meyer, 2018
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Circular direction of travel: The strategies - remanufacturing

Circular economy
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Linear economy

Smarter

manufacture

of product and

its parts

Useful
application of
materials

Strategies

RO Refuse

R1 Rethink

B2 RBeduce

A3 Reuse

R4 Repair

R5 Refurbish

RE& Remanufacture

R7 Repurpose

RE Recycle

R9 Recover

Make product rebundant by abandoning its function or by offering the
same function with a radically different product

Make product use more intensive (e.g. by sharing product)

Increase efficiency in product manufacture or use by consuming fewer
natural resources and materials

Reuse by another consumer of discarded product, which is still in good
condition and fullfils its onginal function

Repair and maintenance of defective product so it can be used with its
original function

Restore an old product and bring it up to date

Lise parts of discarded product in a new product with the same function

Use discarded product or its parts in a new product with a different
function

Process materials to obtain the same (high grade) or lower (low grade)
quality

Incineration of material with energy recovery

Not repaired, not refurbished, but through a factory, in a box, as good as (or
better than) new, with a warranty, and you can’t tell the difference.
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Source: (Kirchherr, et al., 2017)
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inspection

cleaning testing

disassembly

reassembly

A generic remanufacturing process and its seven process steps
Adapted from Sundin and Bras (2005)

%
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European Remanufacturing Council

The ambition is to triple the value of Europe’s
remanufacturing sector to €100 billion by 2030.

Our aim must

be at least 1%
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Thank you...

David Peck, Associate Professor,
Delft University of Technology, Netherlands
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